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DIVISIONS OF ENVIRONMENTAL SCIENCES AND ENGINEERING 
THE TECHNOLOGY OF GAS CLEANING: STATE OF THE ART* 
H. J. Hall 
Research-Cottrell, Inc., Bound Brook, N. J. 
INTRODUCTION 


Industrial progress, life, and its enjoyment all depend critically on 
the quality and availability of environmental resources of air, water, and 
land. Air pollution is a complex and pervasive problem of increasing 
magnitude, public concern, and legislative action in industrialized nations 
around the world. Excessive pollution associated with population growth, 
industrial expansion, urbanization, and increasing requirements for electric 
power, transportation, and goods has been recognized as a serious threat 
to public health and national economy.! Recent legislation and studies 
have focused strongly on the necessity for a massive effort to reduce and 
control the enormous amount of dust, fumes, and noxious gases from 
motor vehicle exhausts, power generation, industrial processes, and refuse 
incineration that are released to the atmosphere over large metropolitan 
areas.l However, considerable progress in reducing air pollution can be 
made by the wider use of available technology. It is also necessary to 
examine the possibilities and requirements for improved or alternate 
solutions not only from the scientific and engineering aspects, but also 
from the very important social, economic, and political factors which 
ultimately will control or determine the nature and extent of solutions 
which can be adopted effectively. 

The technology of gas cleaning for air pollution control includes a 
wide variety of methods and equipment which have been used successfully 
for many years by industry ,2> in some cases, to recover valuable products 
or to purify process or product gases. Particulate dusts, mists and fumes, 
and gaseous contaminants are controlled by one or more of the following 
basic processes: gravity separation, centrifugal action, filtration, scrub- 
bing, electrostatic preciptation, absorption, adsorption, chemical reaction, 
and combustion. 

This paper reviews technology which is available and proven for con- 
trolling particulate emissions from stationary sources. In view of the 
importance of and legislative pressure for reducing sulfur oxide emissions, 
the state of the art of controlling this source of pollution is discussed in 
reasonable detail. The control of motor vehicle exhaust, a major source 
of pollution in modern cities, 1 has been discussed in recent literature,4,5 
and will not be treated here. 


*This paper, illustrated with slides, was presented at a Joint Meeting of The 
Divisions of Environmental Sciences and Engineering on November 9, 1966. 
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PARTICLE COLLECTION EQUIPMENT AND APPLICATION FACTORS 


The basic types of particle collection equipment are shown in TABLE 1. 
Relative comparisons of applicable particle size range, pressure drops, 
and power consumption* for usual industrial applications are indicated. 
In most cases, initial equipment selection can be made on the basis of 
particle size and properties (dust, mist, fume), particle concentration, 
collection efficiency desired, gas-volume flow rates, special conditions 
such as temperature, pressure, condensation, corrosion, explosion hazard, 
and so forth. 


TABLE 1 


BASIC TYPES OF PARTICLE COLLECTION EQUIPMENT 


Normal sal Approx. 
Collector type particle size Typica power 
range AP-inch w.g. kw/1000 cfm 
1. Gravity settling Coarse 0.1-0.5 0.1 
chamber +100u 
2. Mech. collectors- 
cyclones Medium-coarse 
Small dia 10-100p+ 1-5 0.2-1 
Large dia Medium-coarse Mi! uM 
3. Scrubbers 
Low energy Medium-coarse 5-15 1-3 
High energy Fine-medium 
.1-104 30-50 6-10 
4. Bag filters Very fine-med. 
.1-100p+ 3-6 0.6-1.2 
5. Electrostatic Very fine-med. 
Precipitators Most effective .1-.5 0.2-.5 


<20u Incl. el. power 


Effective air pollution control and clear stacks require modern in- 
dustrial gas-cleaning systems for high collection efficiencies of 98-99.9 
percent for particles in the micron and submicron size ranges. In recent 
years, this has focused attention on the wider use of electrostatic pre- 
cipitators, fabric filters, and high energy scrubbers: the basic systems 
applicable to such performance requirements where outlet stack loadings 
in the range 0.01-0.05 gr/SCF or even less may be needed. Larger 
particles in the 10-100+4micron range are relatively easy to collect with 
centrifugal devices, various wet washers, and low energy scrubbers; some 
of these satisfactorily collect particles down to about 5u. Coarse particles 


* Based on typical figure of 0.2 kw/1000 cu ft/min (cfm) /inch H2O (w.g.) pressure 
drop, which includes fan and motor losses. 
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greater than 1004 in size can also be caught by simple inertial devices or 
settling chambers. FIGURE 1 illustrates typical relative performance of 
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FIGURE 1. Relative collection efficiency as a functionof particle size (sp gr =2) 
and pressure drop (AP) for typical mechanical, centrifugal and high energy scrubber 
equipment. Dust loading~3 gr/CF, 300°F gas. 

AP - inches H9O 


A - Low draft loss mechanical (inertial type) <1 
B - Medium dia (2 ft) centrifugal, axial inlet 3 
C - High efficiency centrifugal (10 inches dia), 

axial inlet 3 
D - Same as (B) with high dust loading; 200 gr/CF 3 
E - High energy scrubber (flooded-disc), 300 ft/sec 

throat velocity, 10 gpm/1,000 cfm water rate 40 
F = Same as (E), 400 ft/sec throat velocity 

(700°F gas) 59 


mechanical, centrifugal, and high energy scrubber equipment as a function 
of particle size and pressure drop. A comparison of curves B and D illu- 
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strates the improved performance characteristic of centrifugal collectors 
with high dust loadings. 

The technology for removing particulate matter from gases has been 
advanced considerably in the last 10 to 15 years. Methods and equipment, 
such as those mentioned above, are available to control emissions from 
any stationary source to almost any degree of purity required. The im- 
portance of thorough systems evaluation in terms of performance, costs, 
maintenance, reliability, and other factors has been emphasized in recent 
publications, such as those of Chamberlin§ and Fife et al.” 

The sophisticated state of contaminant control in the nuclear energy 
field8 is a major factor in the rapid advance of nuclear energy for power 
generation. Decontamination factors as high as 10° are achieved with 
appropriate series arrangements of the various types of collectors. Final 
treatment usually uses absolute filters in combination with charcoal bed 
absorbers, the latter removing radioactive molecules in sizes .001 » and 
lower. 

The elimination or collection of ultrafine particles is considered to be 
a major factor in reducing air pollution generally. These fine particles 
remain in suspension for long periods of time, and, even though the total 
quantity by weight may be relatively small, they have tremendous surface 
area and light scattering power. They act as condensation nuclei and 
provide reactive or adsorbent surfaces which may promote complex 
reactions among SO92, NOg, hydrocarbons, and other gases, particularly 
in the presence of sunlight. In addition, particles in the .5 to 5 micron 
range are most easily ingested into the lungs and respiratory system. In 
view of potential surface reactions as noted, they can carry with them on 
their surfaces adsorbed layers of H2SO4 and other harmful substances. 
These processes have been suggested as important factors in plant damage 
and in certain chronic respiratory troubles which correlate with and are 
aggravated by highly polluted air. The health effects of specific particulate 
and gaseous pollutants and the role of synergistic action of two or more 
contaminants under various conditions are matters of continuing research 
and investigation by public health and environmental scientists in the 
United States and elsewhere. 

The details of design, performance, and application of the various 
types of dust collecting equipment are available in several useful publi- 
cations.2,3,9-12 Brief descriptions of principal types of collectors follow. 


Mechanical Collectors (Cyclone) 


A large class of particle collectors uses inertial or centrifugal forces 
to cause separation by abrupt changes in the direction of gas flow. Baffles 
or louvres in various arrangements are employed in equipment available 
from several manufacturers. These simple types of mechanical collectors 
have relatively low pressure drop and are used frequently as roughing 
filters for large particles (greater than about 50-100). 

The most important, most widely used, and least expensive centrifugal 
collector is the cyclone. Two types are commonly used, large diameter 
(2-10 ft or more) or ‘‘conventional’’ cyclones using a tangential gas inlet 
and small diameter (10-24 inches) or ‘‘high efficiency’’ cyclones, typically 
having an axial vane inlet to cause helical rotation of the gas stream. A 
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FIGURE 2. Typical arrangement of multi-cyclone mechanical collectors. 


multicyclone arrangement is illustrated in FIGURE 2. The spiralling 
downward motion of the gas stream causes considerable centrifugal force 
on the entrained dust particles which move to the wall and, aided by 
gravity, fall to the bottom of the cone and then to a collecting hopper. The 
central core of cleaned gas exists axiallythrougha suitable pipe. Pressure- 
drop recovery vanes are generally used in the outlet tube to reduce gas 
turbulence. Typical collection efficiency as a function of particle size 
for this type of collector is shown in FIGURE 1, curves B, C, and D. 


Scrubbers 


Scrubbers are confined to wet cleaning systems and are widely used in 
various forms for medium to high efficiencies in the chemical and process 
industries, particularly in cases where gases must be cooled, where 
vapors or gaseous elements are to be removed, where explosion hazards 
are present, and where the addition of liquid to the gas stream is not ob- 
jectionable. High collection efficiencies on micron and submicron particles 
require a high pressure drop (30-50 inches H2O), and consequently high 
power consumption. The favorable factors of relatively small size and 
modest initial cost may be particularly attractive for low gas-flow rates 
or for the higher flow rates where energy requirements can be provided 
by available system gas pressure, as in a modern blast-furnace operation. 
Intermittent processes and low temperature gas treatment without dilution 
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also tend to reduce the inherent high-operating cost for scrubbers in 
ultrafine particle collection applications. Recent new applications for 
medium and high energy scrubbers include basic oxygen converter fumes, 
lime kiln and cupola gases, phosphate processing, and paper mill effluents. 
The necessity for water treatment facilities, fine particle removal from 
settlement ponds, sludge disposal, as well as corrosive conditions, lack 
of buoyancy of cool exit gases, and condensation plumes may be important 
application considerations. 

Venturi and flooded-disc type scrubbers are particularly effective for 
fine particle collection. FIGURE 3 illustrates a variable orifice or flooded- 





FIGURE 3. Flooded-disc scrubber and mist eliminator. 


disc type scrubber. Water or another suitable liquid floods onto a hori- 
zontal disc positioned in a vertical tapered section, or throat, of the gas 
inlet duct. The high-velocity gas stream in the orifice between the disc 
edge and the throat atomizes the water into droplets of suitable size in 
which the dust particles can be trapped by forces of impaction. A high 
relative velocity between water drop and particle is essential for high 
performance. The high degree of mixing and turbulence in the section 
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immediately below the orifice captures the dust particles. The water 
drops with their entrained dust are then separated from the exit gas in 
a mist eliminator, which may be of a simple centrifugal type as shown in 
FIGURE 3. The vertical position of the disc in the throat is readily ad- 
justable during operation either to vary the pressure drop, and hence the 
degree of efficiency obtained, or to maintain optimum performance with 
varying gas-flow rates. Scrubbers are versatile and attractive in many 
applications not only for removing fine particulates, but also as mass 
transfer devices for chemical reactions, and gaseous and odor control. 


Fabric Filters 


Filtration through porous media utilizes forces such as impaction, 
impingement, diffusion, gravity settling, electrostatic charge, and direct 
sieving, to separate particles from a gas stream. The collected material 
itself forms a very important part of the filtering system by rapidly build- 
ing up a base layer. In its simplest form, tubes (6-12 inches diameter, 
6-30 ft long) of fabric (cotton, wool, orlon, or glass) are hung in frames 
equipped with suitable shaking mechanisms for periodically releasing 
deposited dust to collecting hoppers. FIGURE 4 shows a typical fabric 
filter arrangement for continuous operation. Dust-laden gas enters at the 
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CLEANING FILTERING 





EXHAUST 
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FIGURE 4. Fabric filter system. 
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bottom of the chambers and passes upward inside the bags; the clean gas 
comes out through the fabric walls and then goes to a top exit flue. Com- 
partments at the outlet end are successively closed off during cleaning 
operations. Various cleaning methods have been introduced in recent 
years: air-shake, pulse jets, shock waves, and reverse jets with rings 
sliding up and down each bag. The air-shake method illustrated in FIGURE 
4 uses blasts of air directed between rows of bags. Fabric filter operation 
is limited to dry particles and medium temperatures up to about 500°F with 
silicone-treated glass fibers. Very high collection efficiencies (99-+percent) 
can be readily obtained on micron and submicron particles. Gas treat- 
ment velocities are relatively low, typically corresponding to 1-3 cfm/sq ft 
of fabric area, although much higher treatment velocities (3-12 cfm/sq ft) 
are used with continuous, reverse-jet type cleaning. The dust loading 
range is <1 to ~15 gr/CF or more. Capacities range from small ‘‘unit col- 
lectors’’ (1000-5000 cfm) to medium units (5000-35,000 cfm) with either 
intermittent or continuous cleaning to large custom-designed installations 
handling several hundred thousand cfm. Important fabric filter applica- 
tions include carbon black, electric furnace fumes and cupola gases, 
ferrous and nonferrous metallurgical industry processes, and materials 
handling and separation. Pilot study applications are being made in other 
processes, including collection of fly ash and oil-fired boiler gases. Con- 
densation, presence of corrosive gases, wear, and, in some cases, bag 
replacement problems as well as large size installations for high gas-flow 
rates are important operating considerations. 


Electrostatic Precipitation12,13 


The basic principles of electrostatic precipitation are illustrated in 
FIGURE 5. The physical process is based on the fact that an electrically 
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FIGURE 5. Schematic diagram illustrating principles of electrostatic precipita- 
tion. 
charged particle experiences a mechanical force in the presence of an 


electric field. In the Cottrell or single-stage system typical of industrial 
applications, the functions of charging the suspended particles and trans- 
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porting them out of the carrier gas to the collecting surfaces are ac- 
complished in a single chamber by a high-voltage corona discharge main- 
tained between suitable electrodes, e.g., pipes and coaxial wires or parallel 
plate ducts with wires centrally located in each duct. The corona discharge 
around the wires creates a copious supply of unipolar gas ions (usually 
negative in industrial types) which effect a high degree of particle charging 
by attachment to the suspended particles. Simultaneously, under the in- 
fluence of the electric field, the particles are attracted to the grounded 
collecting surfaces; the material is then removed by rapping or other 
means (e.g., gravity, wet flushing) to hoppers or liquid pools for disposal 
or recovery. : 

In a large duct-type precipitator (FIGURE 6), widely used in industrial 
gas cleaning systems, the gas to be cleaned enters through a perforated 





Pa 
FIGURE 6. Duct type, horizontal flow precipitator assembly. 


plate from a modern flue-transition section designed to provide uniform 
gas distribution. The aerodynamically baffled collecting plates, each 
typically 44-6 ft long and 24-30 ft high, are arranged to form a series 
of parallel ducts, 9 inches wide and possibly 18-30 ft long. Corona dis- 
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charge wires, in the order of 0.1 inch diameter, with bottom tensioning 
weights, are supported in frames by insulators and connected to a source 
of high voltage. The construction provides for optimum results by electri- 
cal sectionalization both in series and in parallel with the gas flow. A 
number of individual high-voltage rectifier sets are used depending upon 
the particular application, the quantity of gas being treated, and the desired 
collection efficiency. Although industrial precipitator operating voltages 
cover a range from about 30-100 kv, the majority of applications operate 
in the range 40-65 kv peak. Typical rectifier set output ratings are 
70-105 kv peak at DC or average currents ranging from 0.25 to about 1.5 
amps. Solid-state, single-phase bridge rectifier circuits with automatic 
voltage control are now standard equipment. Magnetic-impulse-type verti- 
cal rappers for continuous cleaning of collecting plates and electrically 
operated vibrators for cleaning discharge wires are mounted at the top of 
the unit. 

Precipitators are unique among gas cleaning devices in that the forces 
for separation are electric and are applied solely to the particles rather 
than to the entire gas stream as with mechanical force equipment such as 
cyclones, filters, and scrubbers. This accounts forthe low power consump- 
tion, low draft loss, and high collection efficiencies characteristic of 
electrostatic precipitators. These factors, together with the ability to 
handle large gas volumes at high temperature, to treat liquid or dry 
particles, and to handle corrosive gas or particle conditions successfully, 
have led to the wide acceptance and diverse applications of precipitators. 
TABLE 2 summarizes the range of modern precipitator-operating conditions. 


TABLE 2 


RANGE OF PRECIPITATOR OPERATING CONDITIONS 


90 to 99.5+ percent 

99.9+ special 

1 to 4,000 ,000+ cfm 

to 15000F 

to 1000 psi 

4 to 15 ft/sec 

25-100 special applications 

0.1 to 0.5 inch water gauge 
50-300 

<0.1 to 200+ micron 

<0.0001 to 100 gr/CF 

0.1 to 10 sec 

Wet or dry collection; corrosive 
conditions, combination with 
cyclones, filters or scrubbers. 


Collection efficiency 


Gas flow, cu ft/min 
Gas temperature, OF 
Gas pressure 

Gas velocity 


Draft loss 

Corona power - watts/1000 cfm 
Particle size 

Particle concentration 
Treatment time 

Other factors 








FIGURES 7 and 8 compare relative electric forces with gravitational 
and centrifugal forces acting on a particle and illustrate why precipitators 
are so effective on fine particles from about 104 down to submicron sizes. 
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FIGURE 7. Comparison of electric with gravitational force acting on a particle. 
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FIGURE 8. Comparison of electric with centrifugal force acting on a particle. 


FIGURE 9 shows basic performance characteristics of electrostatic pre- 
cipitators. 

The technology of electrostatic precipitation has been advanced con- 
siderably in the past 15 years. Important developments such as sophisti- 
cated forms of automatic voltage controls and reliable high-voltage recti- 
fier systems with solid-state components, continuous rapping with 
automatically controlled intensities, application of gas-flow model studies, 
development of quantitative pilot plant techniques and precipitator design 
and analysis methods, high temperature and high pressure corona discharge 
research, fundamentals of special high-velocity (100 ft/sec or more) gas 
cleaning and others have been reported. Today, large installations guaran- 
teed for 99-99.5+percent continuous removal of up to 500 and more tons 
per day of fine particles from huge quantities of industrial gases flowing at 
rates as high as one to four million cfm are increasingly being specified 
and used for air pollution control by industry. Major applications include 
electric power generation (coal and oil), steel, paper, and cement produc- 
tion. Although electrostatic precipitators have been used successfully for 
many years to control emissions from municipal incinerators in Europe, 
their application to this significant source of air pollution in the United 
States is only beginning. At the present time, considerable research is 
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FIGURE 9. Precipitator efficiency as a function of collecting surface area per 
thousand cfm gas flow and effective precipitation factor W. In the equation at the 
top of the Figure, the undefined parameters are: A= total collecting electrode 
surface area; V=gas volume flowrate; W= effective migration velocity of particles 
in the electric field; and e= base of natural logarithms. 


being directed toward improved understanding and control of particle re- 
entrainment, gas turbulence, and the microstructure of aerodynamic flow 
conditions in charged particle transport phenomena in electric fields.14 
Efforts to reduce size and cost while maintaining high performance and 
adequate reliability continue. 


SULFUR DIOXIDE EMISSION 


SO 9 emission from fossil-fuel electric-generating plants and industrial 
processes is a major air pollution problem today.!5 An estimated 23 


Hall: Technology of Gas Cleaning 159 


million tons, of which about 50 percent was from electric-generating 
plants, was discharged to the atmosphere in the United States in 1963.1 
Of several control methods available or proposed, the most effective now 
are the use of nuclear energy, hydro or natural gas; increased stack 
height; remote location of large plants at mine mouth; and the use of low 
sulfur fuels. Other methods involve reduction of sulfur content of fuel 
before firing and removal of SOg from flue gases. 

Nuclear energy is the most satisfactory long-range solution; it elimi- 
nates not only the sulfur oxides, but also nitrogen oxides and ash. Rapid 
expansion for new generating capacity has occurred in the past year in 
the United States; over 50 percent of the total has been ordered. Few, if 
any, new large fossil-fuel plants are likely to be built in or near heavily 
populated areas. However, to satisfy electric energy requirements, the use 
of coal is expected to double by 1980 from present 240 million tons/year 
to about 500 million tons/year. Hydro and natural gas are of limited 
availability. 

The use of high stacks to increase dispersion and to reduce ground 
level concentrations of SO2 has been extensively studied. Large units in 
the 1000 megawatt (Mw) class are currently using 800 foot stacks. The dis- 
persion of plumes in the atmosphere is complicated by many factors, not 
the least of which are local meteorological conditions and terrain. Recent 
review papers of interest are those of Gartrell,16 Spornet al.,17 and 
Stairmand.!1  Stairmand quotes British practice for acceptable ground 
level SO2 concentrations as lying between 0.14 and 0.20 parts per million 
(ppm) by volume. These are three-minute mean concentrations for 100 
percent wind in one direction. The daily averages are said to be about 
one-fourth of these, and the monthly averages about one-twelfth to one- 
eighteenth. Typical stack heights required to give the 0.14 ppm to 0.20 
ppm levels are presented as a function of plant output for small boilers, 
large boilers, sulfuric acid plant tail gases, and nitric acid plants (NO2Q 
concentrations). 

Partial success with methods for removing pyritic sulfur from coal 
have been reported by Garvey.18 The need for fine grinding to free pyrite 
particles makes removal at the mines impractical because of shipment and 
handling problems. No good method has been devised for removing the 
organic sulfur which makes up 20-60 percent of the total. 

Size classification to release fine particles of pyritic sulfur and sub- 
sequent separation by electrostatic and electromagnetic techniques are 
being studied. 

Burhousel9 reports hydrogenation processes are technically feasible 
for reducing sulfur content of residual fuel oils but have not proved practi- 
cal because of an estimated 30 percent increase in cost over untreated 
stock. 


Major SO» Removal Processes20-22 


The major dry processes of current interest for removing SO2 from 
flue gas are listed in TABLE 3. Recovery of 90 percent or more of the SO2 
is expected. 

Alkalized Alumina. As shown in FIGURE 10, flue gas is passed upward in 
a reaction chamber through falling pellets of specially prepared alumina 
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TABLE 3 


MAJOR PROCESSES FOR SO,REMOVAL 





























Process Method Temperature End Product 
Alkalized Dry absorption 250-6500F Elemental 
alumina sulfur 
Catalytic Vapor phase 850°F 
oxidation conversion to SO3; H2SO,4 (70%) 
Condensation 200-2500F 
Reinluft Adsorption 
activated char 300°F H2SO, conc. 
Kiyoura - Catalytic-SOg Ammonium 
reas NHg reaction 220-2600F sulfate 
FLUE GAS 






TO STACK 






ABSORBER 











TO SULFUR 
RECOVERY 


FIGURE 10. Alkalized alumina process. 


which reacts with both SOg and SO3. Part of the absorbent carried out of 
the system is recovered in a cyclone and returned to the system. The 
spent alumina is fed to a regenerator and reacted at 1200°F with producer 
gas. The concentrated sulfur-bearing gases are then fed to a Claus unit 
for recovery of elemental sulfur. Under Public HealthService sponsorship, 
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a semicommercial size pilot plant is now under construction by the Bureau 
of Mines. 

Catalytic Oxidation. In this process, FIGURE 11, flue gas is cleaned of 
essentially all fly ash in a combination multicyclone-precipitator at 900°F. 
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FIGURE 11. Catalytic oxidation process. 


Oxidation of SOg to SOg occurs ina catalyst bed. With the water vapor in 
the gas, sulfuric acid mist is obtained as the gases are cooled. Recovery 
of the acid is done partly in the heat exchanger and the balance in an 
electrostatic precipitator or other mist eliminator. An installation treating 
about 66,000 cfm of flue gas is to be in operation next year ona coal-fired 
boiler. 

Reinluft Process, Flue gas at about 300°F (above the dew point of SO3) 
enters the bottom of an adsorbent bed of activated char, where the SO is 
removed (FIGURE 12). The flue gas is then drawn off, cooled to 2200F, and 
returned to the absorber at a higher level. The SO2 oxidizes to SO3 and, 
with the water vapor in the gas, is adsorbed on the carbon surfaces. The 
spent char with its adsorbed sulfuric acid drops into a regenerator section, 
where, at 700°F, the acid vapor dissociates and is reduced by the carbon to 
form a product gas containing 50 percent SOQ. Product gas is then fed to 
a contact acid plant. Part of the product gas may be recycled through a 
heater and returned to the base of the generator at 7000F. Full-sized 
plants have been built in Germany using this process. Attrition losses 
from the moving char may be high, low gas velocities are required, anda 
market for the acid must be readily at hand. 
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FIGURE 12. Reinluft process. 

Kiyoura T.I.T. Process. This process, developed in Japan for use on 
oil-fired boilers, is a catalytic conversion method which produces SO3 and 
sulfuric acid. Then, ammonia, at a carefully controlled temperature above 
the dew point of the acid inthe flue gas, is added to produce pure ammonium 
sulfate, which can then be recovered in a suitable collector (FIGURE 13). 
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FIGURE 13. Kiyoura- T.I.T. process. 
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Estimated capital costs for the first three processes range from about 
$10 to $20 per kilowatt for an 800 Mw size boiler or power plant, with 
operating costs in the range of $1.50 to $2.50 per ton of fuel without by- 
product credit. The alkalized alumina has the lowest, and the catalytic 
oxidation the highest estimated capital cost. Operating costs, assuming 
by-product credits quoted, are in the range $0.75 to $1.44 per ton of fuel; 
the lowest is for the catalytic oxidation process and the highest is for the 
Reinluft. The Kiyoura process on a 600 Mw oil-fired boiler projects 
capital cost at about $11/kw with net operating cost at about $0.44 per ton 
of fuel. 

Several other processes either under study or in exploratory pilot 
stage have been reported. These include limestone or dolomite addition 
to the coal, reaction of gases with H2S, or use of other metal oxide re- 
actants with flue gas. 

Reduction of SO3 emissions from oil-fired boilers isbeing accomplished 
mainly by the use of low excess air (1 to 2 percent excess O2) and fuel 
oil additives. Control of combustion temperatures can materially reduce 
formation of nitrogen oxides in fossil fuel power plants and other com- 
bustion processes. 


SUMMARY 


The basic technology for removing particles from gas streams and the 
state of the art of the control of sulfur dioxide emission from large fossil- 
fuel power boilers have been briefly reviewed. Removal of particulates 
from gas streams in stationary sources can be accomplished with available 
equipment at reasonable costs commensurate with performance required. 
Although systems for removing small amounts of SO2 (500-2,000 ppm) 
from flue gases have been developed to pilot scale, considerably more 
work is required to reduce costs for large scale applications. 

Broadly, technological capability for controlling air pollution either 
exists or can be developed to achieve whatever realistic levels of air 
quality are desired or needed. 
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This stupid world where 

Gadgets are gods and we go on talking, 

Many about much, but remain alone, 

Alive but alone, belonging-where? 

Unattached as tumbleweed. (Auden, 1946. p.44.) 


INTRODUCTION 


Most civilized countries have homeless men, yet only in the United 
States does one find, in every major city, districts called ‘‘skid row’’ 
where homeless and penniless men congregate and live. This paper is 
not a report or a study of ‘‘skid row’’ per se; rather, it is a Summary of 
studies of homeless personalities who were assisted by either the New 
York City Department of Welfare, Meng’ Shelter, or by private shelters. 
These agencies provided us with an opportunity to do research among these 
men who otherwise would have been most difficult to reach. 

Skid rows developed in the metropolitan areas of the United States when 
there was a tremendous increase in the number of unemployed immigrants, 
destitute, uprooted, and homeless persons — the economic depression which 
followed the Civil War (Wallace, 1965). According to a recent survey, the 
hundred largest cities in this country have skid rows. While New York is 
the largest city in the country, Chicago, San Francisco, Los Angeles and 
Detroit have the largest skid-row population with New York City a ‘‘poor 
fifth’? (Bogue, 1963). The number of homeless men in New York City is 
now estimated to be 35,000 (Nash, 1964). 

Four major needs are fulfilled by a skid row. It is the city’s lowest 
cost-of-living area; it has labor markets for unskilled workers; it has 
public welfare resources, and it provides a refuge for those desiring 
escape from the obligations of society. In aword, it is the asylum for those 
whom society does not need, rejects, or is unable to help (Bogue, 1963). 

Because of technological changes, a smaller demand for casual unskilled 
labor, and the passage of social legislation which takes care of most needs 
of the indigent population, skid rows are disappearing. Bogue, for ex- 
ample, found that in Chicago, despite the fact that its population almost 
doubled in the last 50 years, skid row decreased to one-fourth of its 
original size (Bogue & Schusky, 1958). The same trend is noticeable in 
New York City. The Mens’ Shelter of the Department of Welfare serviced 
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20,003 different men in 1958 and 15,252 different men in 1963; this declined 
to 13,309 in 1964 and to 12,543 in 1965 (Department of Welfare, 1966). 
The number of new applications decreased from 7,063 in 1958 to 3,392 in 
1965. However, the average number of nights of lodging per client has 
gradually increased from 34.9 in 1958 to 41.5 in 1965, since the smaller 
the case load becomes the ‘‘higher the number of unemployable, marginally 
employable and immobile men it contains’’ (Department of Welfare, 1966). 

However, the above does not mean that the number of homeless persons 
is also decreasing. On the contrary, the homeless person is an alienated 
personality, and modern life tends to increase man’s alienation from 
himself, the product of his labor, his family, society, and nature itself. 
The psychological and sociological forces that produce alienation are as 
potent today as they were in the previous centuries although appearing in 
a somewhat different guise. Alienation, although it leads toward the de- 
velopment of homeless personalities, does not necessarily lead to skid 
row. 
The alienated individual in the lower socio-economic levels, from 
which the vast majority of the homeless men come, occasionally secures 
semi-skilled or unskilled work while living in congregate quarters. In 
the course of his work, he learns through hearsay or actual contact that 
there is a district in the city where ‘‘anything goes’’ and where he can 
subsist on a marginal income. Occasionally, he is introduced to this area 
through a referral to a skid-row social agency. Since such men have 
fewer resources with which to cushion unemployment, illness, or other 
hazards of modern industrial life, and since they either have no families, 
have lost contact with their families, or have families that are not con- 
cerned with their welfare, those men who are not redirected by or fail to 
profit from the social service agencies gradually descend to skid row. 
(As such agencies are perfected, the number of men reaching skid row will 
drastically decrease.) While the vast majority of men in need are taken 
care of by various governmental provisions and social services, a certain 
number of homeless personalities still reach skid row. 

At the beginning of this century, sociologists and psychologists attempted 
to explain human behavior on the basis of personality types. Early in the 
study of the homeless man, his behavior was explained in terms of homeless 
traits (Vexliard, 1957). Investigators in the United States and abroad, 
however, failed to find a single homeless personality type (Pagnier, 1910; 
Solenberger, 1911; Anderson, 1923; Vexliard, 1957). In our Opinion, 
the failure to find the homeless personality was a result of the fact that 
men originally came to skid row for a variety of reasons, most of which 
were purely economic. Today, however, extensive city, state, and national 
welfare programs eliminate the economic causes for landing in skid row. 
Therefore, a large proportion of the current inhabitants are not simply 
indigent, but, in a sense, they select this way of life because it best suits 
their particular personality needs. Our assumption is that living on skid 
row does not change the basic personality of the homeless man, who was 
a homeless type long before he descended to skid row. 

As I have indicated in another connection (Levinson, 1963), ‘‘the home- 
less man has a very low opinion of what motivates others. Hence he is 
not concerned with what they say about him. In his attempts to acquire a 
socially acceptable status he has been negatively reinforced. He has lost 
out in the battle for acceptance. Hence he rarely seeks social acceptance 
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and is seldom troubled by rejection. He very rarely seeks to play socially 
useful roles, wishes to exist with the least effort, and be self-sufficient.’’ 

‘We thus find a man who values his leisure, his partial retirement 
from life, and his independence of any institutional control. This man does 
not look for security, for a place to remain and stay for a long time. He 
prefers his freedom even if it is only freedom to starve or to beg. He 
wishes to do only simple, non-responsible, short-term jobs that provide 
spot cash. He avoids all jobs which may bring about self-involvement.”’ 
(Levinson, 1963). 

The problems involved in the study of the homeless personality are 
complex, and the theoretical issues are far reaching in their import. We 
realize that our discussion of the homeless personality counters a pro- 
nounced trend in psychological thinking which emphasizes the characteristic 
traits of the subject as an individual or uses an idiographic approach. 
There is also some doubt today whether or not personality types actually 
exist. It is not our intention to become embroiled in a controversy on the 
merit of a particular personality theory position; neither do we claim that 
other investigators must of necessity categorize the homeless man as a 
personality type. Possibly, with the administration of new tests or the ap- 
plication of new investigatory techniques, other dimensions may be dis- 
covered or other type concepts used. 

However, we find it expedient for the purposes of this paper to use 
the construct of the homeless personality and to adopt the following defini- 
tion of personality, "An individual's personality, then, is his unique pattern 
of traits." (Guilford, 1959). (Italics in the original). When we speak of a 
personality type among homeless men, we wish to point out that this is 
based on our findings and, to quote Stagner (1961) in another connection, 
“<of relative dominance of certain behavioral and psychological and social 
patterns and does not at all imply an all or nothing category.’’ We also 
agree with Lewin that ‘‘even though a pure personality types does not 
occur, it may still be the hypothetical pure case which gives the most 
illuminating insight and the most basic formulation of personality’’ and 
“that an isolated special case may be more informative to the psychologist 
than the general run of the population.’ (Stagner, 1961). According to 
Cronbach (1961), ‘‘a trait is a tendency to react ina defined way in re- 
sponse to a defined class of stimuli.’’ It is admittedly difficult to analyze 
traits and, in our case, these will be inferred from the homeless man’s 
response to structured tests and projective techniques. 

We know that there is no one-to-one correspondence between a re- 
sponse on a test and actual behavior. Many individuals who reveal high 
aggressive traits on clinical tests do not evidence such behavior and others 
who test low reveal high aggressive behavior. In nomothetic treatment of 
data, one must assume that these idiosyncracies will cancel themselves 
out and that the resultant will indicate true differences; the interpretation 
of these findings will naturally be dependent on the clinical orientation of 
the researcher. 


SELECTION OF THE SAMPLE 


The homeless personality became the focus of our attention largely as 
a matter of chance. It is not uncommon in scientific research to stumble 
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upon a problem of particular interest and challenge. Our original investi- 
gation (Levinson, 1947) and our follow-up study (Levinson, 1957) were 
carried on during what now could be considered the ‘‘hard core’’ years 
of homeless men. At the time of our original study (1947), the case load 
at the Municipal Lodging House was 565 which compared very favorably 
with the case loads of many thousands during the depression. Our first 
sample (1947) of 50 white homeless men was taken from those aged 40 to 
59; this reduced the sampled universe to 369. Our second sample (1957) 
of 50 native-born white homeless men was taken from a case load of 828 
native-born homeless men. In both cases we hadthe so-called ‘‘hard core’’ 
of the homeless men, most of whom exhibited the characteristics of the 
homeless personality. 

It is most difficult to secure an unbiased sample of the population on 
skid row for study. One discovers that men who are dependent on public 
or private agencies for assistance are self-selected. We can only study 
men who have chosen to avail themselves of the services available at 
the time of the study; the sample will, therefore, depend upon the time of 
the day, the vagaries of the weather, the season, and even the food being 
served at the shelter. We must remember that the path to skid row is 
heavily laden with socio-economic and cultural factors. The homeless 
population is heterogeneous and comes to skid row for diverse reasons 
although it is almost exclusively men of widely differing cultural back- 
grounds who have undergone disparate acculturation processes. Generally 
speaking, the homeless man, as we found him, has to be carefully wooed 
and coaxed into cooperating in clinical investigations. The researcher has 
to test by ear and use an intuitive and empathetic approach. 

Four groups are described in this paper: other whites, Negroes, 
Puerto Ricans, and Jews. Prior to their arrival on skid row, the majority 
of subjects lived in an impoverished culture which was reflected by their 
test behavior. Because of a lack of satisfying emotional relationships 
with their parents and a lack of simple means of gratifying elementary 
material and social needs, many subjects develop an inability to work 
consistently for future goals while deferring immediate gratifications; they 
also demonstrate a lack of drive for accomplishing middle-class goals, 
suspiciousness toward people outside of their group, and an easily aroused 
hostility toward members of theirowngroupand authority figures (Riessman 
et al., 1964). The role of the male in these subcultures is also considered. 


THE OTHER WHITE GROUP 


The white constitutents of our study came largely from economically 
deprived backgrounds, and can be considered a subculture if one selects 
the middle class as the dominant culture in America. 

In our 1947 study of homeless men, we found that 25 percent of the 
men were born in Ireland; 42 percent of their fathers and 44 percent of 
their mothers were also born in Ireland. We do not know how many second 
or third generation Irish-Americans were in our sample; neither do we 
have any data on the nativity of the forebearers of the native-born white 
homeless we subsequently studied. An educated guess would be that at 
least one-third of them were of Irish descent. It is to be noted that for 
the first ten months of 1966, 260 men or 2.5 percent of the N.Y. Department 
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of Welfare case load were born in Ireland. Older studies of New York City 
homeless have also indicated a high percentage of subjects of Irish descent. 
Anderson (1931) found that the Irish constituted 38.9 percent of the foreign- 
born homeless in the Municipal Lodging House. Barnes(1914) also indicated 
that the greater number of homeless men were native-born Americans of 
Irish descent. Strauss (1946) also reported a high percentage of men 
whose parents were born in Ireland. 

The fact that so many of our subjects were of Irish descent introduces 
significant variables. The Irish home was generally matriarchal; the 
mother wielded most of the authority over the home and household manage- 
ment, while the father was frequently an ineffectual figure lurking some- 
where on the periphery. Usually an unconscious hostility existed towards 
the female, but it was concealed by expressed feelings of admiration. In 
fact, in these situations, the mother was frequently put on a pedestal before 
which offerings of undying love and affection were strewn (Arensberger & 
Kimball, 1940). Men from such matriarchal families may be afraid to 
assume an aggressive male role and consequently either do not marry or 
enter marriages which fail. That these factors affected our results is 
inevitable, but it would be impossible to judge to what degree. 

In the 1947 study, 62 percent of our subjects’ usual occupations were 
either semi-skilled (20 percent) or unskilled (42 percent). In our 1957 
study, which became the paradigm for subsequent studies reported here, 
we found that 88 percent of our subjects were either semi-skilled (28 
percent) or unskilled (60 percent). 

The intelligence of these men was within the limits for subjects originat- 
ing from the lower class. The full scale Wechsler-Bellevue IQ was 96.14, 
SD 14.66 (Levinson, 1947); in the 1957 study of native-born subjects, the 
full scale WAIS IQ was 96.79, SD 11.33. In the 1957 group we found a 
distinct psychometric pattern which we felt was a result of the homeless 
man’s characteristic way of solving his problem through withdrawal, 
dependency, and lack of drive. Subsequent studies with other skid-row 
populations confirmed this finding of a distinctive WAIS pattern which we 
attributed to the feeling of hopelessness or the ‘eat’’ effect (Levinson, 
1964a). (See TABLE 1). 


Rorschach Ps ychodiagnostic 


Only 40 Rorschach protocols (Rorschach, 1949) out of 49 secured in 
the 1957 study could be subjected to a statistical study. These indicated 
that the homeless man ‘‘denies to himself, his need for affection and tends 
to respond to the world of reality by repression and by withdrawing into 
passivity.’’ He is depressed and ‘‘his inner resources are frozen.”’ 
(Levinson, 1958). A study of the responses of the homeless men to the 
Baron M-Limits Blots confirmed the fact of ‘“‘weneral ego impoverishment’’ 
that the men presented on the Rorschach (Levinson & Baron, 1956). 

We have recently completed a study of the Rorschach protocols (N=34) 
of white first-time applicants for assistance at the Emergency Shelter. 
The mean age of these men was 36.35, SD 12.22; their mean WAIS full 
scale IQ was 105.82, SD 10.76. There are significant differences in the 
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TABLE 1 


MEAN WAIS PERFORMANCES OF HOMELESS MEN* 





Native-born Camp La Guardia'| Jewish Negro 
White (N = 50) White (N = 68) (N = 32) 
(Levinson, 1957) | (Weltman, 1964) (Levinson, 1964) 












Verbal IQ 101.30 98.35 85.91 
Performance IQ 91.62 94.67 82,31 
Full Scale IQ 96.79 96.63 83.78 
Verbal Tests 
Information 10.51 7.88 
Comprehension 10.50 7.81 


Arithmetic 10.31 ' 6.56 
Similarities 9.47 7.03 
Digit Span 10.32 8.13 
Vocabulary 10.86 6.66 


Performance Tests 


Digit Symbol 6.28 
Picture Completion 6.94 
Block Design 6.89 
Picture Arrangement W253 
Object Assembly 7.66 








* Based upon aged scaled scores 
7 As computed from Weltman (1964) 
tN =11 


protocols between the first-timers and skid-row denizens (See TABLE 2) 
which present us with some critical questions. A recent study (Levinson, 
1967) indicated that apparently only 8.14 percent of those who apply for 
assistance at the Emergency Shelter may become skid-row denizens or, 
to present the other side of the picture, 91.86 percent of those who apply 
for the first time never return to the Emergency Shelter or to any other 
shelter as far as we know. (Our assumption is based on the tremendous 
drop in numbers for all services, from first-timers to repeaters, and for 
total population.) For reasons which have not yet been clarified through 
any discriminatory studies, the large majority of first-timers reject 
skid row and find other solutions for their economic problems. This 
might be attributed to better psychological health among those who re- 
bound and leave skid row. One can, we believe, distinguish this group 
as the ‘‘situationally homeless’’ whereas the repeaters, who seem to 
prefer skid row, might be classified as the ‘‘psychologically homeless.’’ 


Rosenzweig's Picture-Frustration Study 


The method of administration of R.P.F.S. (Rosenzweig, 1945) was 
modified. The cartoons were shown to the men, the captions were read 
by the examiner, and the men were requested to respond. 

The R.P.F.S., for some unknown reason, appeared to be more anxiety- 
provoking than any other test given and seemed to indicate deep-seated 
conflicts. Some men refused to cooperate by describing the test as childish, 
while other would respond to only a few items. Most rejections occurred 
on the last half of the test; thus, we could secure only 32 scorable records. 
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TABLE 2 
MEAN RORSCHACH SCORES OF HOMELESS MEN 























Rorschach White First-time | Puerto Rican | Negro | Jewish 
Category (Levinson, | Applicants | (Denes-Shor, 
1958) 1961) 
N = 45 N=9 


Determinants 

M 120 2.09 9 tT 122 
FM den'O 2.91 1.6 2.00 1.78 
m(m,mF,Fm) pals Bao 4 a0 10 
K(K, KF) .20 wok 0.0 AO Ti aa, 
FK .82 .08 
F 8.37 5.44 11.8 Heo 6.78 
F% 58.20 34.97 70.46 57.66 
c iG 0.00 A 0.0 0.0 

Fc .93 1.18 a 1.30 66 
FC .48 .94 4 ead 22 
CF 1.20 .82 1.0 27 .88 
C 0.0 .08 






Location 






















WwW 4.75 6.47 5.00 5.00 5.78 
w% 33.03 45.85 49.66 
D 8.30 7.26 6.90 8.17 6.44 
D% 57.72 35.85 48.88 
d .78 1.03 3 0.0 0.0 
Ss .18 21 Fes} 0.0 12 
Dd 7 4 


Content 





H : 6 1.56 
Hd 20 4 22 
A 6.74 Halt 5.33 6.12 
Ad .64 co 1S 34 
At .32 8 1.03 22 
Aobj. 55 0.0 25 
Blood 15 Pl SL 12 
Bot. 29 1.0 0.0 1.0 
Clouds .50 .34 .09 
Geography sa 120) 43 0.0 
Nature 67 ath 50 56 
Obj. co 





Miscellaneous 








R 12.44 
P 4.12 
Sum C Teds 


Rej. 








* Not in Levinson (1958) 
Note: Determinants, location and content responses which were negligible or 
unavailable are not included. 
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TABLE 3 presents a comparison of the native-born white homeless men 
with Rosenzweig’s normative group. We must bear in mind that the dif- 
TABLE3 
SIGNIFICANCE OF THE DIFFERENCES BETWEEN THE MEANS OF 


RPFS OF NATIVE-BORN WHITE HOMELESS MEN AND ROSENZWEIG'S 
NORMATIVE GROUP 








Homeless Men | Normative Group 








(N = 32) (N = 236) SE 
Mean SD | Mean sD Diff. | of Diff. t 

Extrapunitive (E) 32.9 12.24 45 13.3 U2 doen o: e5elS 
Intropunitive (I) 40.4 11.22] 28 8.25 |) 12.402 008-5003" 
Impunitive (M) 26.7 10.20 27 9.45 Of3 4) 93 +0.02 
Obstacle-Dominance (O-D)| 12.6 5.28 20 7.8 7.4 | 1.08 +6.85* 
Ego Defense (E-D) 60.1 9.18] 53 11e3 Telia -3.92* 
Need Persistence (N-P) Dales 8.16 27 10.3 O23! eal or -0.02 
Group Conformity (GCR) 52.5 14.83 68 ee L5soee2e6 +5.62* 








=P <7 001 
The + indicates a difference in favor of the normative group 


ferences shown in the table may be an artifact of the different socio- 
economic levels, education, and age of the two groups, rather than dif- 
ferences in direction of aggression or reaction type. Rosenzweig’s norma- 
tive group, for example, consisted of 236 males ranging in age from 20 
to 29; the homeless men, on the other hand, were considerably older, the 
average age being 48.49. 

According to the R.P.F.S., the homeless men have introjected society’s 
evaluation of their status, largely blame themselves for their difficulties, 
and do not tend to project the blame for their present condition on lack 
of opportunity or bad luck. They are submissive, have a vulnerable ego, 
and are somewhat concerned over their present predicament. They are 
also passive, have feelings of inadequacy, and are unable to mobilize suf- 
ficient energy to overcome the obstacles facing them. They tend to evade 
their problems by deviating from accepted group norms. 


Thematic Apperception Test 


The following TAT plates (Murray, 1943), which we felt would be most 
productive, were administered to the native-born white homeless men: 
1, 2, 3BM, 6BM, 7BM, 9BM, 10, 12M, 13MF, 14, 17 BM, 18BM, 20. Fifty 
TAT records were available. We found that a modification of Fine’s 
(1955) scoring system was most suitable for the quantification of the 
material. According to Fine’s method of scoring, only manifest content 
is scored. 

TABLE 4 indicates the means, SDs, medians, and score ranges for TAT 
variables of native-born white homeless men. N indicates the number of 
subjects contributing to the variable in question. Any category to which 
less than five men contributed was included under Miscellaneous. Attitude 
toward self was based solely on the homeless man’s production on plate 
9BM. It is notable that among the feelings, the categories of depression, 
crime, hostility-physical, hostility-death, and pathological indicators (ta- 
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TABLE 4 
MEANS, SDS, MEDIANS AND SCORE RANGES FOR 
TAT VARIABLES OF NATIVE-BORN WHITE HOMELESS MEN 


























N M sD Med Range 
Feelings 

Affection, verbal 22 0.72 0.98 0 0-4 

Affection, physical 26 0.68 0.81 i 0-2 
Anger 12 0.36 0.71 0 0-3 
Anxiety 30 1.08 15 1 0-5 
Compulsion 32 0.88 0.84 1 0-3 
Conflict 33 1.18 1,21 1 0-5 
Crime 40 2.04 1.58 2 0-5 
Depression 46 2.54 1.63 2 0-5 
Drink PA 0.74 1.11 0 0-5 
Effort 

Trying to achieve 28 1.18 1.42 1 0-6 

Lack of effort 9 0.18 0.38 0 0-1 
Escape 31 0.88 0.86 1 0-3 
Excitement 5 0.2 0.66 0 0-3 
Frustration 33 1.60 1.39 2 0-5 
Guilt 35 1.14 0.98 1 0-3 
Happiness 9 0.24 0.59 0 0-3 
Hostility 

Verbal 23 0.76 0.93 0 0-3 

Physical 40 2.18 1.91 2 0-8 

Death 46 2.32 1.45 2 0-5 
Loneliness 12 0.24 0.33 0 0-1 
Orality 25 0.86 113 0.5 0-5 
Pain 33 1.40 1.25 125 0-4 
Pathological Indicators 

Tabooed activity 48 3.30 erat 3 0-6 

Bizarre Verbalization 7 0.22 0.67 0 0-4 

Card Description 45 2.30 1.78 2 0-8 

Personal References 11 0.62 1.47 0 0-6 

Rejection of Card di 0.24 0.71 0 0-4 

Confusion 6 0.12 0.32 0 0-1 

Mental Illness 13 0.32 0.66 0 0-3 
Pleasure 16 0.48 0.96 0 0-5 
Sexuality 24 0.86 0.96 0 0-4 
Special States (Hypnotism) 20 0.40 0.33 0 0-1 
Sleep 43 1.40 1.13 1 0-5 
Suicide 19 0.48 0.70 0 0-3 
Superiority 13 0.48 0.98 0 0-4 
Thinking 

Random thoughts 31 1°30 1.64 1 0-7 

Wishful thinking 24 0.76 1.24 0 0-7 
Miscellaneous 11 0.28 0.63 0 0-3 

Outcome 

Favorable 41 2.16 1.83 2 0-9 
Unfavorable 46 3.20 1.94 3 0-7 
Indeterminate 50 teDe 2.74 8 0-12 








(Continued next page) 


174 Transactions New York Academy of Sciences 


TABLE 4 (Continued) 
MEANS, SDS, MEDIANS AND SCORE RANGES FOR 
TAT VARIABLES OF NATIVE-BORN WHITE HOMELESS MEN 





N M SD Med Range 
Interpersonal Relationships 
Moving Towards 
Affection, verbal 23 0.74 0.96 0 0-4 
Affection, physical 33 1.26 1.30 1 0-6 
Acceptance 44 2.66 2.0 2 0-8 
Dominance 34 1.28 1.27 i: 0-5 
Submission 29 0.92 1.07 1 0-5 
Moving Against 
Verbal 19 0.74 11 0 0-5 
Physical 41 1.82 1.53 2 0-5 
Death 28 0.86 1.02 di 0-5 
Moving Away From 
Separation 42 2.06 1.41 2 0-5 
Rejection 30 eG 1.28 1 0-5 
Attitude Toward Self 
Positive 10 0.20 0.40 0 0-1 
Negative 34 0.68 0.47 1 0-1 
Neutral 6 0.12 0.33 0 0-1 





booed activity) are most frequent. It is, of course, possible that many of 
the negative aspects might serve positive ego functions. Further analysis 
of these variables indicates that the men are depressed and full of conflict 
and aggression. Society’s attitude toward them has become a part of their 
self-image; they try to escape from the predicament presented by life’s 
problems but are unable to do so. TABLE 5 shows the extent of pathology 


TABLE 5 


PATHOLOGICAL INDICATORS ON TAT OF NATIVE- 
BORN WHITE HOMELESS MEN 













Number of 
Categories 











among the homeless men; over 50 percent have pathology in three or more 
categories. 

TABLE 6 indicates the frequency of occurrence of models of expression 
of interpersonal relationships and types of interpersonal relationships. We 
can note that women, both as mothers and as mates, played a major role 
in the lives of the homeless men; further, quite a few of these men project 
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TABLE 6 
FREQUENCY OF OCCURRENCE OF MODES OF EXPRESSION 


OF INTERPERSONAL RELATIONSHIPS AND OF TYPES OF 
INTERPERSONAL RELATIONSHIPS 

















SS SSS 
I 
Be ee Te er aee sd ee 
Bosguretss ° BR: ee 
See ag ht FS Lae 
Interpersonal weet 3 2 8 2 eg oo Total 
Relationships he ne a 8 Be 5 oe 
= eS cal hou Yenc seanl Ane fe  e 
Stiee n gtietos Metin IE. Bee 
' t 1 | ! ' ' 1 1 
pete. Oi othe toe! Bee pea ty ia Gr 70 
Moving Towards 
Affection, verbal Oi) ae O 1 Owe 17 Oe a taecO". (OeOi nO. 0 ot 
iitection physicala|=2' 0290 0! (O- 32 Woi9s* 1-0 -0"~ 0) <0 63 
Acceptance D2 SLIPS a1O AT Le Olas 68) esse ees i133 
Dominance 9) Bi0, G16y) rel a9 Clem 0: Sate oo. 2 Laie 0) 64 
Submission Tig 14 Oe pack 50 Bei Or ge Ook a Naw OF lee n0, 0) 46 
Moving Against [ 
Verbal Sie 6a “On ir2-oyl Di) 2-10 5) 00 =e 0 37 
Physical Cu 2ueeOnar Ol. aya On 2 wal CAG) Qed 422.0 96 
Death ORM Om Os dae 20ke 1k OO 0 Ota. ek 43 
Moving Away pdt 
Separation TOnA36e 4a Oa wide os 26 OF ee eras Qo e103 
Rejection Da Ar mel Sal eS emt 2a De AD Op el 55 
—_—} 
Total 6679 19° 21 39.5 25> 147% 10 G8 82727" 8 50" 5 














their hostility upon women. Many of them see authority as repressive and 
punishing and the world in general as inimical. 


Studies of White Homeless at Camp La Guardia 


Weltman (1964) compared two groups of homeless men. One, a volun- 
tarily institutionalized (I) group (N = 39), had a year of continuous residence 
at Camp La Guardia, Chester, N.Y. Its group members were eligible for 
outside employment and were in good health. The other, a non- 
institutionalized (NI) group (N= 29) which had left Camp La Guardia and 
returned was in good health and eligible for employment. Weltman found 
significant differences for these two groups in WAIS full scale, performance, 
and verbal IQs; in seven subtests; and in many of the family and socio- 
economic variables. However, he confirmed previous findings of significant 
differences between the WAIS verbal and WAIS performance IQs found in 
homeless populations (Weltman, 1964). 

We subsequently computed the rank order (rho) correlation of the 
WAIS subtest scores of his two groups and found it to be .89, thus confirm- 
ing the findings of the ‘beat’? (Levinson, 1964a) effect found in other 
WAIS ratings of homeless men. Because of this high intercorrelation 
between the Weltman I and NI subjects, both groups were combined into 
a large group with an N of 68. We computed a rank order (rho) correlation 
between the subtest scores of the combined group living at Camp La 
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Guardia and our original (1957) homeless group and found the correlation 
to be .92. 

Weltman also administered the Benton Visual Retention test to both 
groups and found no significant differences either in the number correct 
or in the error scores. The only significant differences he found on the 
Rorschach Psychodiagnostic were in F percent, A percent and W percent 
in favor of the NI group, and in S, S percent, and K+ k in favor of the I 
group. The over-all indications were that the same underlying homeless 
traits existed in both groups. 

It may be felt that our findings cannot be attributed to the existence 
of homeless personality traits common to many a denizen of skid row, 
but rather to the fact that these men have lived under a similar depressing 
skid-row environment which produced the effects detectable on our tests. 

Field dependence is one of the characteristics of homeless men 
(Levinson, 1967) and it may readily be measured by the Short Form of 
the Embedded Figures Test (SFEFT). SFEFT is a stable measure little 
affected by the experiences of the subject (Karp et al.,1965a). Alcoholism 
per se (Karp et al., 1965b), provided the subject is ‘‘dry’’ when examined, 
does not bring about a change in field dependence. 

We wished to learn whether there may be a statistically significant 
difference in field dependence between the two homeless groups studied 
by Weltman. The SFEFT was administered to available members of both 
groups. The I group (N= 29) had a mean WAIS verbal IQ of 102.07, SD 
10.75; CA 55.29, SD 5.89; and a mean SFEFT score of 1.83, SD 2.23. The 
NI group (N = 18) hada mean WAIS verbal IQ of 92.00, SD 12.26; CA 55.44, 
SD 4.57; and a mean SFEFT score of 1.77, SD 1.76. There was not a sta- 
tistically significant correlation between SFEFT and WAIS verbal IQ for 
either group or for the combined groups. The Kolmogorov-Smirnov 
two-sample test (Siegel, 1956) for SFEFT resulted in a X2 (df =2) of 3.98 
with a P > .10 (one tailed test). Thus, there was no statistically significant 
difference in field dependency between the two groups. 

The SFEFT was administered in the spring of 1966 to first-time 
applicants at the Emergency Shelter.* In order to eliminate as many 
artifacts as possible, we selected, from men both at Camp La Guardia and 
at the Emergency Shelter, those men who were at least of average intelli- 
gence (Verbal IQ of 90 or above), native born, Caucasian, and free from 
Obvious physical and mental handicaps. All men were examined under 
‘‘dry’’ conditions. Since the men in the groups being compared were of 
different ages and the same IQ may represent different abilities at the 
various ages, we used scaled scores instead. The scaled verbal scores 
converted from vocabulary IQs for the first-timers ranged from 48 to 
77; we accordingly selected, from the Camp La Guardia group, subjects 
whose verbal scaled scores ranged from 48 to 77 (See TABLE 7). 

The Kolmogorov-Smirnov two-sample test for SFEFT resulted in a 
x2 (df=2) of 24.27 with a P.< .001 (one tailed test). This indicated 
that the Camp La Guardia homeless men were more field dependent than 
first-time applicants which conformed our hypothesis. 

Since, as is well known, verbal abilities decline very slightly with age 
as compared to performance abilities (Wechsler, 1958), the question may 


*The writer wishes to express his appreciation to Rev. Leonard A. Schneider, 
Director of the Emergency Shelter, for permission to carry on this study. 
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TABLE 7 


MEANS AND SDS OF CAS, IQS, SFEFTS, VERBAL AND PERFORMANCE SCALED SCORES 
OF HOMELESS AND FIRST-TIME APPLICANTS 





























CA Verbal IQ Perform. IQ SFEFT Verbal Perform. 
N Mean sD Mean SD Mean SD |Mean SD | Mean SD | Mean SD 
Homeless | 31 55.23 3.62 | 102.19 6.02 1.81 2.16] 59.29 6.23 | 
Homeless 15 53.93 4.48 106.94 6.50} 2.08 3.00 45.53 4.77 
First-time Applic. | 18 35.67 12.95 | 101.5* 7.50 7.28 2.65 | 61.00 7.62 | 47.50 5.06 











* Vocabulary IQ 


still be raised that the two groups are not equally matched in ability. We 
converted the vocabularly IQ of the first-time applicants (we had no 
performance score for this group) into scaled performance scores which 
ranged between 39 to 62; again we selected individuals from the Camp La 
Guardia group who had scaled performance scores between 39 and 62. 
The Kolmogorov-Smirnov two-sample test for SFEFT resulted in a X2 
(df=2) of 12.58 with a P< .001 (one tailed test). Again, even when per- 
formance abilities are equated and the number of subjects are small, 
our hypothesis is confirmed. 

We do not claim that first-time applicants for shelter care are models 
of good mental health; on the contrary, they are decidedly emotionally 
disturbed. However, quite a few of them do not fit the profile of the 
homeless man on Skid Row who is ‘‘beat,’’ hopeless, feels helpless, and 
does not care either for himself or others. They are still hopeful, eager 
to put up a fight, and quite audibly voice their anger at the world. The 
homeless man does not want to be bothered with tests or interviews but 
accepts them as a necessary and unavoidable evil; the first time applicant, 
however, is often annoyed by them and voices his objection to them. 


NEGROES 


In both the stabilized and declining skid-row populations, there are an 
increasing number of Negroes. In 1945 when I did my doctoral dissertation, 
the percentage of Negroes in the Department of Welfare case load was 
8 percent; in 1955, when I made a follow-up study, it increased to 22.3 
percent. The 1965-66 studies showed that it was over one-third of the 
population. This upward trend is continuing and is apparently quite general 
in the northern cities. Bogue (1963) also found a rising number of Negro 
homeless in Chicago. 

Apparently in New York City, two-thirds of the homeless Negroes are 
of southern origin. The Negro homeless are much younger and have in- 
ferior educational, intellectual, and employment status as compared to the 
white homeless men (Levinson, 1966). The homeless southern Negro has 
a lower IQ and is somewhat lower in occupational level than the northern 
Negro (Levinson, 1964b). 

In working with the Negro homeless, one must recall that they have 
been subject not only to the vicissitudes attendant upon growth and de- 
velopment of white homeless, but also to widespread racial discrimination. 
Furthermore, in the lower class Negro family, from which most of the 
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Negro homeless originated, the mother is usually the center of the house- 
hold and the father carries little authority or esteem. Even after so many 
years, the aftermath of slavery and the discrimination in the employment 
of Negro males have also affected marriage itself. Marriages are not 
stable; many common law or even more fleeting relationships are entered 
into, and extramarital relationships are frequent. Many lower class Negro 
families have not provided the male child with the means to become better 
integrated. Consequently, the boys have little self-confidence or self- 
respect and quite a bit of hatred directed inwardly. These conditions, in 
our opinion, frequently lead to alienation and the development of the home- 
less personality. 

Kean (1965) tried to learn what differences in socio-economic background 
and personality traits existed between native-born Negro homeless (N = 30) 
and native-born white homeless (N =30). He equated the two groups on 
the basis of a prorated WAIS IQ based on Information, Comprehension, 
and Picture Completion. The mean prorated full scale IQ for the Negro 
homeless was 88.13, SD 15.62, and the mean full scale WAIS prorated IQ 
for the white homeless was 87.73, SD 14.59. The mean age for the Negro 
homeless was 37.83, SD 4.24 and for the white homeless 37.77, SD 4.34. 

Kean found many statistically significant differences in the socio- 
economic backgrounds of the two groups. However, he found no statis- 
tically significant differences in the functioning of the two groups on the 
Benton Visual Retention Test or the Grassi Block Substitution Test. On 
the Rorschach, the only statistically significant differences were on the 
FK+ F+Fc ,FC’ and At (See TABLE 2). On the TAT category of feelings, 

R 
he found that the white homeless man ‘‘was significantly more preoccupied 
with conflicts between feelings of inferiority and of superiority.’’ No 
statistically significant differences in interpersonal relationships and only 
one difference in self-perception was found. Both groups exhibited the 
psychological earmarks of the homeless personality. 

Kean also compared the two homeless groups with a domiciled Negro 
employed group. Sixty percent of the homeless Negroes and 47 percent of 
the controls had parents who were divorced. Forty-seven percent of both 
groups expressed more feelings of affection for their mother as against 
7 percent of the homeless and 8 percent of the domiciled controls whd 
expressed more affection for their fathers. Yet 63 percent of the homeless 
and 67 percent of the Negro controls felt that their father was the master 
at home. However, as noted by Kean (1965), ‘‘these recollections may 
have been based on either wishful thinking or reality denial.’’ Particularly 
so, since most of the homeless Negroes recalled that they had been brought 
up by parent substitutes. Of the 19 married Negro homeless, 16 were 
divorced as compared to the 24 married in the control group of whom only 
4 were divorced. 

In comparing the projective protocols of both Negro groups on the TAT 
and the Rorschach, Kean found some similarities and some differences. 
This may indicate that the personality structures in the men of both groups 
are similar in some respects. Thus, it appears probable that since both 
groups came from somewhat similar family backgrounds, this led to the 
development of some common personality traits. These men, however, 
adopted different ego defense systems. It appears that a disorganized 
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family, in which the mother is the main love object and the dominant 
personality, may lead toward the development of a homeless personality. 
Certainly, the lack of an adequate male model and the resultant fogginess 
of the self-image of many homeless men seem to be important factors 
in the development of the homeless personality. 


PUERTO RICAN HOMELESS 


When he reaches the mainland, the homeless Puerto Rican experiences 
a culture conflict which is most likely exacerbated by his exposure to skid 
row. This undoubtedly adds an extra variance to the test results and 
probably attenuates the relationships obtained. 

In Puerto Rico, the man is the acknowledged head of the household and 
the culture emphasizes the role of the male. The woman, prior to her 
marriage, has to guard her virginity very carefully; a male relative, 
either a member of the nuclear or extended family, has to guard and 
protect her (Padilla, 1958). Unless it is a situational homelessness, it 
is very traumatic for Puerto Rican males to become homeless. To be 
homeless is to deny family ties and the superiority of the male who can 
always obtain a female to care for him. 

Denes-Shor (1961) studied a foreign-born homeless Puerto-Rican group 
(N=49) and compared it with the white paradigm homeless native-born 
group (Levinson, 1957). At the time of her study approximately 2 percent 
of the Men’s Shelter case load was Puerto Rican; today (November, 1966) 
it is over 4 percent. The Puerto Rican group was much younger than the 
white control group and had a prorated WAIS IQ of 75.77, SD 13.3. This 
was based on the following subtests: Arithmetic, Vocabulary, Block 
Design and Picture Arrangement. Significant differences were found in 
the socio-economic and cultural backgrounds and intelligence levels of 
both groups. Generally speaking, the Puerto Rican group was less de- 
teriorated, repressed, or conflict-ridden than the white homeless group. 
However, notwithstanding the great dissimilarities in cultural background, 
there were great overriding similarities. The prorated WAIS verbal IQ 
was significantly higher than the prorated performance IQ. While there 
were significant differences on the Rorschach (N = 45) in some location, 
determinant, and content scores (See TABLE 2), ‘‘yet qualitatively their 
personality patterns’’ were ‘‘similar’’ (Denes-Shor, 1961). On the Rosen- 
zweig Picture Frustration Study, no significant differences were found on 
any of the dimensions measured by the test which indicated the ‘‘operation 
of the same personality characteristics.”’ 

There were also great similarities in the thinking and feeling tones 
on the TAT. Both groups utilized the same major defenses such as ‘‘denial 
and avoidance.’’ On the TAT category of feelings, the Spearman rank cor- 
relation for the 38 categories was .34 which was statistically significant. 
The rank order correlations for ten interpersonal relationships and for 
13 specific relationships were .63 in each instant. Denes-Shor, therefore, 
characterized the homeless man as ‘‘an individual who is undersocialized, 
passive-aggressive, dependent and whose ego development never progressed 
to a level where proper functioning could occur.”’ 
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JEWS 


Living on skid row is particularly antithetical to the subcultural 
ethos of the Jewish people who place great emphasis on the family, learn- 
ing, association with fellow Jews, and avoidance of alcoholic excesses. 
We do not mean that there are no alienated Jews. However, to the Jew, 
descent to skid row represents a fundamental break with his people and 
an extreme form of self-negation. From the writer’s experience, they 
are, by far, the most disturbed men on skid row. 

The number of Jews on skid row never was large in proportion to the 
number of Jews in the general population. During the depression, the 
number varied from four to five percent of the population (Levinson, 
1956-57). Since the passage of the social welfare legislation in the 1930’s, 
the number of Jews on skid row dwindled to less than one percent. In 
June 1955, when a study of Jews at the Department of Welfare Mens’ 
Shelter was made, the case load was 1,350; of these only eight were Jews. 
Similarly, in 1959, only one percent of the shelter case load was Jewish. 
A study made by Brantner (1958) in Minnesota found only two Jews ina 
case load of 1,622. Bogue (1963) states ‘‘the Jewish group definitely is 
underrepresented. More than 8 per cent of Chicago’s population is Jewish, 
yet less than one per cent (actually 0.7% B.M.L.) of the men on the Skid 
Row are Jewish.’”’ Some of these Jews were teetotalers and others light 
drinkers; he found no derelicts or heavy drinkers among his Jewish 
subjects. Recent Department of Welfare statistics confirm this trend. 
Today, on New York City’s Skid Row, the percentage of Jews varies from 
0.5 to 1.25 percent. 

In the course of our continued researches on skid row, we have ac- 
cumulated more cases of Jewish homeless which confirm the trends noted 
in our 1955 study (Levinson, 1956-57). The mean age (N =12) is 47.33, 
SD 12.79. The mean WAIS full scale IQ is 83.75, SD 7.05; mean WAIS 
verbal IQ is 93.84, SD 7.10; mean WAIS performance IQ is 73.17, SD 9.30. 
We computed the rank order correlation of the WAIS subtests of the 
Jewish group with that of the paradigm native-born homeless group and 
found it to be .86. An examination of the Rorschach protocols of these 
men (see TABLE 2) indicates that these men exhibit to an extraordinary 
degree all of the characteristics of homeless men. - 


CONCLUSION 


One of the overriding problems of the twentieth century is its increasing 
alienation of people. In an effort to get at the heart of this problem, a 
great many studies and discussions have considered the issues involved. 
Social scientists from various disciplines have tried to explain the 
anomalies of a world in which distances grow shorter while the feeling of 
isolation and loneliness increases. It is not only the homeless man who is 
distant, detached, and displays helplessness, but as Bogue (1963) remarks, 
“it is society at large rather than the homeless man that has given up 
hope.’’ 

Nevertheless, there has been a constant decline in the numbers of 
homeless men. Skid rows are vanishing, but the homeless man will remain 
with us, probably in other quarters and in different guises. The social 
facade of many human conditions is transformed by changes in our social 
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structure. For this reason, we feel that further research should be done 
with homeless personalities while they are still easily available and before 
society transmutes the symptoms. In our investigations we found that the 
majority of skid-row denizens were the school drop-outs of 30 to 40 
years ago. There were early manifestations among these homeless men 
of a tendency to run away from continuing problems such as school, 
marriage, or a responsible job. It is true, however, that we cannot, in 
examining the life histories of the homeless men, point to these symptoms 
as explaining or directing the formation of the homeless personality. We 
do feel, on the basis of our studies, that part of the alienation syndrome is 
frustration of dependency needs. A man in our society is expected to be 
strong, tough minded, protective, and competitive; a woman is permitted 
to luxuriate in dependency without any stigma. Failure to be willing or 
to be able to act in a culturally accepted role of the male or female may 
be partly responsible for the development of the homeless personality. 
We believe that more intensive research into the homeless personality 
will provide us not only with clearer clues but also with predictive criteria. 
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Introduction 


The physical sciences of the atmosphere and of the ocean are each 
extremely complex; the physical science of the combined atmosphere- 
ocean system is more than twice as complex. It is becoming increasingly 
apparent, however, that we cannot separate these two systems because 
of their continual interaction, seemingly, on all time and space scales. 

Thus far, the oceanographic and air-sea interaction problems treated 
at great length and with great care have involved phenomena of two principal 
space and time scales: (1) microscale and short-period phenomena, 
which often occupy the efforts of an oceanographic cruise lasting a few 
weeks; and (2) the large-scale fields of some oceanographic element or 
perhaps ocean-atmosphere exchange parameter averaged over tens of 
years to obtain climatological averages. 

Indeed, studies such as these have laid the foundation of modern 
oceanography and will continue to be of major importance in its develop- 
ment. Between these two ends of the spectrum there is a large range of 
seales of motion and interaction which up to now have received compara- 
tively little attention, and whose discovery, description, and explanation 
await systematic research. 

The importance of attacking these intermediate-scale problems arises 
not only intrinsically, but especially because many other scales of activity, 
large and small, short and long-lasting, may be influenced, or as Stommel! 
says, ‘‘contaminated,’’ so that their neglect can render ineffective other- 
wise well-designed observational programs. 

This paper reviews a few suggestive studies whose results point to 
the need for greatly expanded work in both oceanography and meteorology 
to obtain knowledge of ocean-atmosphere interactions on a hemispheric 
space scale and in time scales of months, seasons, and years. It is only 
when solutions to such problems are obtained that meterologists and 
oceanographers will be able to aim at validating and applying their re- 
search by making more accurate predictions of events on these scales. 


* This paper, illustrated with slides, was presented at a meeting of the Section 


on November 22, 1966. 
+ Currently, Visiting Scientist at the Department of Meteorology and Oceanography, 


New York University, New York, N.Y. 
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The Effect of Anomalous Atmospheric Systems on 
Sea-Surface Temperatures 

As is now well known, the cyclones and anticyclones of the weather 
map are embedded in upper-level tropospheric wind systems of a wavy 
character whose wavelength is of the order of 3,000 to 5,000 miles. These 
waves, called long waves, are interactive with the cyclone waves along 
the polar front. Even if one averages the upper-level or sea-level pressure 
and wind distributions over periods of weeks, months, or seasons, the 
long waves do not disappear. They assume positions and amplitudes which 
vary from one period to another, and thus the prevailing air masses, storm 
tracks, and associated weather conditions may be inferred from the 
mean configuration of the long waves. 

The mean pressure distribution — let us say at sea level — givesa 
very good approximation of the resultant wind streams for the period. 
Furthermore, the mean wind can be considered as being composed of a 
normal component and an anomalous component. The latter component 
may be determined by subtracting the long-term normal from the observed 
mean pressure distribution thereby obtaining a field ofisopleths of anomaly. 
These anomalous components of the wind represent an anomalous drag 
on the surface water and force an anomalous Ekman drift. The southerly 
components usually imply warm air transport and less than normal latent 
and sensible heat transfer from the underlying water, while the reverse 
is true for the northerly components. It is not surprising, therefore, to 
see that in the observed monthly mean sea-surface temperature distribu- 
tions, warmer-than-normal surface water is found east of prevailing 
low pressure systems and cooler-than-normal water to their west. Cooler- 
than-normal water is also associated in part with upwelling near the center 
of the negative anomaly where, as Bjerknes2 pointed out, strong horizontal 
divergence of surface water takes place. The preceding concepts have 
been incorporated into a methodology for numerically estimating what 
the sea-surface temperature distribution is likely to be with a given mean 
pressure distribution whose effects are superimposed upon an initially 
abnormal sea-surface temperature pattern. This method has been de- 
scribed by the author ina paper in which examples are shown. 

Of course, it is desirable to be able to predict the sea-surface tempera- 
ture distribution a month or so ahead. With the help of the concepts de* 
scribed above, some first approximations are now being made by using 
predicted mean sea-level pressure distributions. Naturally, these sea- 
surface temperature predictions leave much to be desired because their 
accuracy depends not only upon the accuracy of the atmospheric pressure 
prediction, but also upon the complex physical problems associated with 
air-Sea interaction and the response time of water masses to wind drag 
and other factors. Estimates of sea-surface temperatures are now made 
routinely as part of the extended forecast program of the United States 
Weather Bureau. Tests are proceeding on additional cases, and attempts 
are being made to improve the method by incorporation of terms not 
previously considered. 


The Coupled Air-Sea System Viewed on a Monthly and 
Seasonal Time Scale 
In an earlier paper,4 I described a slowly migrating upper-level trough 
which came to light on seasonal mean charts and which could be followed 
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as it moved eastward from the west-central Pacific in summer to near 
the West Coast of the United States in the subsequent spring. A theory 
was proposed to explain how this slow motion may have occurred as a 
result of climatological effects and wide-scale air-sea interaction. Since 
1958, other cases of eastward motion of Pacific troughs from summer to 
fall and winter have been observed on mean maps. A recent case of this 
kind resulted in the unprecedented rainy period in Southern California in 
November and December of 1965, as well as toa protracted heat wave in 
October and successive cool spells in September. In this case, a slowly 
moving trough on monthly mean maps was observed to move across the 
lower latitudes of the North Pacific in four months. 

The question of how such regular trough motion might be accounted 
for arises. With seasonal progression from July into late summer, fall, 
and early winter, there are two climatologically probable and, in fact, 
dependable, changes in the general circulation in the vicinity of Asia and 
over the Western Pacific. As the Asiatic monsoon anticyclone develops 
over the continent and the contrast between air coming from this anti- 
cyclone and air overlying the warm water strengthens, a series of cyclones 
of increasing frequency and intensity move along and off the Asiatic Coast 
and an associated upper-level trough locks in somewhere in the vicinity 
of the Asiatic coastal region within a narrow range of longitudes (about 
209). As the cyclones move northeastward and intensify, they carry 
momentum into the prevailing westerlies, and the strength of the westerlies 
is thereby increased over the Western Pacific. It is well known from the 
early work of C-G. Rossby? that the stationary wavelength between troughs 
is proportional to the square root of the zonal wind velocity flowing be- 
tween them. Therefore, in 1965, when the Asiatic trough locked in some- 
where along the Asiatic Coast and the westerlies increased, stationary 
wavelength considerations demanded that the trough to its east move 
progressively eastward. Support for the mechanism above is given in 
FIGURE 1, where the square root of the zonal velocity between the two 
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FIGURE 1. Relationship between square root of zonal velocity (Iz) between Asiatic 
coastal trough and next downstream trough with wavelength (Ls) between troughs 
for months July through November 1965. Zonal index is measured between latitudes 
350 and 55° N and wavelength between troughs is measured at 45° N. 
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troughs is plotted against the observed wavelength for each month from 
July through November 1965. From this Figure it is seen that the wave- 
length increase (at 45° N) was from 30° in July to about 80° in November, 
while the zonal velocity increased from about 4 m/sec in July to 13 m/sec 
in November. 

The question next arises why a migrating trough of this kind possessed 
such longevity and why its abnormally large amplitude continued from 
September on. In the following discussions, one must always remember 
that air-sea interactions vary with season and geographical location. It 
is proposed that the longevity was due to coupling between the atmospheric 
and oceanic systems, so that a sea-surface temperature contrast was 
established such that more heat and moisture was given to the air ahead 
of cyclones and less to the air behind them. (Sea-surface temperature 
observations during this period support this hypothesis). This differential 
heat exchange would excite cyclones more than normal, thereby preserving 
the long-period anomalous character of the prevailing wind systems. 

Thus, the abnormal weather of fall 1965 in California, the associated 
appearance and disappearance of the Pacific anticyclone, and many other 
phenomena relating to North Pacific weather in the last half of 1965 
appear to have had their instigation in the coupled ocean-atmosphere- 
continent system and the forcing influence imposed by changes in the 
radiation balance associated with change of season. 


Fall Water Temperatures as a Possible Cause of 
Winter Weather Abnormalities 


Because of the vast reservoir of heat which may be established in the 
ocean during summer and fall, the overlying atmospheric circulation may 
become greatly affected in the subsequent winter. It is also altered by 
the climatologically determined position of the prevailing westerlies and 
storm tracks which change materially between summer and winter. Thus, 
over the North Pacific, the great Pacific anticyclone dominates much of 
the area during summer, and cyclonic activity is usually restricted to 
areas off Kamchatka and north of the Aleutians. In the winter, on the other 
hand, as the Asiatic monsoon anticyclone develops, cyclones form and in- 
tensify as they move northeastward off the Asiatic Coast, and, as the 
westerlies progress southward, various air mass and frontal interactions 
occur over the central and North Pacific. The normal condition during 
winter is one in which masses of cold air over the Asiatic Content con- 
tribute to cyclonic intensification over the open warm ocean to the east. 
Diabatic heating of these air masses usually contributes to the growth 
rate of cyclones over the open sea. If, therefore, a large pool of warmer- 
than-normal water has developed in the path of the migratory fronts and 
cyclones, it is likely that cyclonic growth will be more rapid than normal. 
Furthermore, the greater-than-normal rate of growth of the cyclones 
may provide a further means of inducing more cold air from the north 
and from Asia, thereby reintensifying the cyclogenetic process. While 
the above ideas require much more research to prove and implement, some 


preliminary empirical-synoptic studies have indicated that they do have 
substance. 
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In the summers and falls of 1962, 1963, and 1964, a vast pool of warm 
water was generated in the central Pacific, particularly between latitudes 
300 and 40° N (see FIGURE 2). It appears that this warm pool developed 
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FIGURE 2. Profiles of Pacific sea surface temperature anonaly (°F) at 40° N 
latitude for the fall seasons of 1962-1965. 


in the preceding summer and fall because of greater-than-normal anti- 
cyclonic domination over the area, leading to lighter-than-normal winds, 
less-than-normal cloudiness, and more-than-normal horizontal covergence 
of surface water. These factors led to less transfer of latent and sensible 
heat to the air, to diminished upwelling, and to the development of warm 
surface water. At the same time as cyclones developed off Japan and the 
cold air masses behind them swept eastward, this warm pool seems to 
have intensified these storms materially and, therefore, forced the Aleutian 
low much farther south than normal. 

The winter 1962-63 pattern of departures from normal sea level pres- 
sure showed values as large as minus 15 mb which appeared to be situated 
near the preceding fall warm-water pool. These departures from normal 
over the eastern Pacific are almost three times the standard deviation of 
seasonal values of winters in the historical record. The negative anomalies 
associated with the strong cyclonic curvature aloft undoubtedly played an 
important part in amplifying the upper level ridge along the western coast 
of North America and into Alaska. This reaction was an inertial effect 
caused by redistribution of the vorticity generated by the strong trough 
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in mid-Pacific. In turn, the strong western North American ridge re- 
peatedly deployed cold Arctic air masses into the eastern two-thirds of 
the United States and also, through redistribution of vorticity, helped create 
the trough observed over the eastern United States during winter. This 
trough, however, was so placed that it generated a strong air temperature 
contrast between the eastern half of the United States and the adjacent 
waters of the Gulf of Mexico and western Atlantic. 

For several reasons, the cyclonic wave distribution generated along 
the polar front separating these contrasting air masses was afforded a 
favorable environment for abnormally fast growth. First, it was situated 
in an area associated with an upper-level trough; second, it could draw 
upon the potential energy provided by the enhanced horizontal temperature 
contrast. In addition, the contrast between the coastal area and the off- 
shore waters was further aggravated by frequent snows, rather than rains, 
along the Atlantic seaboard, since Arctic air infiltrated the cyclones. It 
is quite possible that the fast-occluding disturbances along the eastern sea- 
board during this winter set up conditions favoring a blocking mechanism 
in the eastern Atlantic, that is, relatively high pressure near Iceland and 
low pressure in the Azores and Mediterranean. This latter condition 
was associated with one of the most severe winters ever recorded over 
much of Europe. It is interesting to note that the prevailing wind distribu- 
tion over Europe led to the westward penetration of cold continental air 
masses from Siberia; consequently, an unusual snow blanket was provided 
for much of Western Europe. By increasing the surface albedo, the snow 
cover refrigerated the cold air. When this very cold air was fed into 
Mediterranean storms, an additional stimulus was provided to the usual 
atmospheric heating over the warm sea. The extra storm intensification 
resulted in further westward transport of the cold air over the continent 
to the north and heavier snow. 

Thus, during the abnormal winter of 1962-63, a remarkably steady 
and highly abnormal circulation and weather pattern dominated the northern 
hemisphere. Perhaps the warm pool in the North Pacific played a vital 
role in instigating this pattern, although it is clear that developments in 
other areas must have cooperated and thus reinforced the instigated 
pattern; that is, positive feedback loops may have been generated to provide 
sustained weather abnormalities. A detailed account of the situation above 
has been given elsewhere by the author.6 When the warm water pool 
vanished in the fall of 1965 (see FIGURE 2), no such low latitude and intense 
cyclogenesis occurred over the North Pacific. 


Air-Sea Coupling Mechanisms and Drought 


Two major drought periods have been relatedtothe anomalous character 
of the general wind circulation which appears to have been coupled and 
forced by abnormal sea-surface temperature distributions. 

The first case was a four-year decline in Scandinavian precipitation, 
particularly over western Norway from 1957-1960, discussed in greater 
detail elsewhere.’ There was persistent recurrence of anticyclonic 
weather associated with an upper-level ridge; the ridge, in turn, was 
indicated (with the help of numerical methods) to be a barotropic response 
to intense cyclonic and upper-level trough activity south of Greenland. The 
strong cyclonic activity lead through air-sea interactions to a greatly 
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enhanced zonal gradient of sea-surface temperature which persisted and 
then encouraged further intense cyclonic activity along the zone of contrast. 
The upward transfer of kinetic energy produced the proper vorticity 
distribution to persistently create and maintain a ridge over Scandinavia. 
Of course, the ridges and the associated anticyclones led to subsiding air 
masses and, thus, the inhibition of precipitation. 

The second case involves the five-year drought which has recently 
plagued the northeast of the United States.8 In this case, a pool of anom- 
alously cold water has been observed, especially during spring and early 
summer, along the Atlantic shelf from New England to Hatteras. This 
cold pool, producing an increased horizontal gradient of temperature in 
the water which was transferred to the air, led to greater than normal 
cyclonic activity and thus strengthening of the upper-level trough off the 
Atlantic seaboard. The developing cyclones also helped create more 
frequent than normal northwesterly winds in the lower troposphere, 
winds which are characteristically drier and more vertically stable than 
normal, thereby leading to dry conditions. On the other hand, the cool 
dry northwest winds extracted considerable latent and sensible heat from 
the off-shore waters. Thus, a vast positive feedback loop appears to have 
been operating along the East Coast and forcing the prevailing regional 
circulation during spring and summer. During other seasons, other in- 
fluences often generated in remote sources were overwhelming so that the 
drought was not characteristic of the falls and winters of the past five 
years. 


Numerical Physical Objectives 


The above outline is designed to suggest causal factors which may 
help to explain short-period climatic fluctuations of the order of months, 
seasons, and up to a few years. Up to now, the evidence for these factors 
has been more or less circumstantial. Quantitative procedures must be 
devised to test and expand upon these ideas; therefore, it is especially 
important that theoreticians in both oceanography and meteorology work 
closely with empiricists. If collaboration does not take place, it is difficult 
to see how either group can succeed inunraveling the tangled skeins of such 
interdisciplinary problems. 

The first dynamic and thermodynamic studies of this kind have involved 
simplified numerical models, the aims of which have been to answer the 
question of how solar energy is ultimately utilized and how the atmosphere 
and ocean respond in order to transfer heat more efficiently. A great deal 
of reasonably successful work has been completed within the United States 
Weather Bureau9-11 and by some meteorological research organizations in 
this country. The research has thrown light on the primary mechanisms 
in the atmosphere which give its characteristic time and space scales 
and also on the variability of these scales. 

The next question to be answered involves the details of the atmospheric 
and oceanic evolutions, details involving such matters as variations in the 
location and intensity of storm tracks, the regional variations in heat 
supplied to and taken from the water, variations in the snow and ice cover 
over the continents and northern oceans, and the like. Unfortunately, these 
‘details’? may require more exact knowledge of such elusive physical 
processes as release of latent heat, momentum and water vapor exchange, 
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internal turbulent exchange, radiative transfers, and the entire gamut of 
meteorological processes, to say nothing of complex oceanic processes. 
It is possible that some of these air and sea processes can be omitted or 
perhaps greatly simplified for certain predictions. On the other hand, 
there is no guarantee that a completely physical solution will be found; 
for this reason alone, the empirical approach must proceed. Also, it ap- 
pears likely that, as with short-range numerical forecasts, empirical 
knowledge will be necessary in making optimum practical use of any 
physically-based long-range forecasting model. 

In recent years, attempts have been made in the Extended Forecast 
Division of the United States Weather Bureau, particularly by J. Adem, 11 
to formulate a numerical prediction model for periods of a month or a 
season. The basic equations used are those of conservation of thermal 
energy at the surface of the earth and in the mid-troposphere. The model 
predicts the anomalies of temperature of the underlying surface and in the 
mid-troposphere. Besides radiation, other forms of heating are generated 
within the model. This is done by expressing such heating as a linear 
function of variables predicted in the model. 

The anomalies directly incorporated are those in the storage of thermal 
energy, which are introduced by using the previous month’s temperature 
of the surface water in the ocean and the temperature of the mid- 
troposphere, and, by calculating from the observed albedo (snow cover) 
at the end of that month, the anomaliesin the short-wave radiation absorbed 
by the surface. 

The numerical experiments show that important anomalies of evapora- 
tion at the surface, vertical turbulent transport of sensible heat from the 
surface, condensation of water vapor in the clouds, and cloudiness are 
implied by anomalies of the computed temperature fields. Furthermore, 
these induced anomalies of the heating function and of the cloudiness in 
turn imply changes in the anomalies of the computed temperature fields. 

Numerical experiments are also carried out to test the possibility of 
using satellite data in this model. 

Despite the frightening complexity of such a program, there are reasons 
for optimism at this point. In the first place, there are now greater and 
improved sources of data in the world (including satellite measurements) 
and steps are being taken to press forward with a still greater implemen- 
tation of data collection through establishment of the World Weather Watch. 
Second, fast and economical methods for processing these data and doing 
statistical and physical computations are at hand. Third, there is now 
better understanding of the dynamics of the general circulations of the 
atmosphere and the oceans. Finally, there is a new generation of young 
meteorologists and oceanographers well versed in physics, mathematics, 
and electronic computing. One of the tasks of the more senior meteor- 
ologists and oceanographers is to acquaint these young men with the real 
problems of long-period atmospheric and oceanic behavior in the hope 
that they may be able to apply their talents and achieve greater successes 
with long-period air and sea prediction than earlier generations could. 
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Introduction 


The experiments leading to the discovery of the hormonal control of 
the enzyme UDPGa 1,4-glucan a -4-glucosyl transferase (EC 2.4.1.11) are 
outlined in this paper. The elucidation of this new site of hormonal control 
indicates that the synthesis as well as the degradation of glycogen are finely 
regulated events within the cell. Both phosphorylase and transferase 
are regulated by the thus far unique mechanism of phosphorylation and 
dephosphorylation of the catalytic proteins. Hormonal as well as non- 
hormonal control of the phosphorylase and transferase systems are 
demonstrable together in vivo and are thus superimposed on each other. 
This is a reciprocal arrangement involving two enzyme systems which 
react in a functionally opposite manner to several controlling influences 
of a hormonal and nonhormonal nature. 


Reasoning Behind the Experiment 


A basic question with regard to hormone action is whether hormones 
act solely to promote the passage of materials into the cell, or whether 
they, in addition, maintain an interest in the metabolites once they have 
passed through the cell membrane. In other words, do hormones act to 
alter the subsequent metabolic events within the cell once the entry process 
has occurred or do they not? On the one hand, hormone action, in solely 
regulating entry into the cell, would not address itself to the quantitative 
fate of the metabolite in terms of intracellular products. On the other 
hand, hormonal regulation of metabolism would be expected to lead to an 
altered yield of products. It was this question that formed the starting 
point of our investigation. 

Brown et al, in 1952 showed that about 75 percent of the increased 
glucose taken up into diaphragms after 30 minutes exposure to insulin 


*This paper, illustrated with slides, was presented at a meeting of the Division 
on November 29, 1966. 
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could be accounted for by newly formed glycogen.! This seemed a rather 
high yield of glycogen and bothered us considerably. On searching the 
literature, it became evident that there were several examples published 
of altered product distribution, namely glycogen, with insulin action in 
muscle. One was kindly pointed out by Dr. Rachmael Levine in his own 
work with Soskin in 1940.2 These investigators found in the eviscerate 
dog preparation that, at all blood sugar levels, insulin tended to stabilize 
the level of glycogen in muscle under conditions where it did not affect 
blood lactate. This stabilization was not observed by varying the con- 
centration of glucose in the absence of insulin. In another muscle prepara- 
tion, the isolated diaphragm, Beloff-Chain and coworkers3 found that, 
with excess glucose in the medium, glycogen synthesis became zero 
order; that is, it was not further increased by increased glucose. When 
insulin was added, glycogen was now synthesized. 

In 1957, we decided to study this question using the diaphragm, but 
working with insulin, in short time experiments in order to approach more 
properly its initial action. We found that when we struck a balance between 
the increased uptake of glucose and the increased synthesis of glycogen, 
after a 10-minute incubation with insulin, over 90 percent of the increased 
uptake of glucose could be accounted for as glycogen. This was tested at 
two glucose concentrations, 140 and 280 mg percent, and was true at both 
concentrations.4 What was also apparent from the data (but not proved 
since the experiments had not been set up with this point in mind) was 
that the high yield of glycogen observed with insulin was not observed 
by simply increasing the glucose concentration alone. 


In 1959, Norman e¢ al. published an experiment in which, as a function 
of glucose uptake, radioactive glycogen formation was measured in dia- 
phragm in the absence and presence of insulin.o An enhanced yield of 
glycogen was observed with insulin of all glucose uptakes. This was 
termed a ‘‘directive’’ effect. There was clearly an altered distribution 
of product (glycogen) with the hormone at equivalent uptakes of glucose. 

We decided to investigate further. The approach was to measure the 
intermediates between glucose and glycogen (such as were known at that 
time). The hexose monophosphates were analyzed in diaphragms incubated 
with and without insulin. The analyses for glucose 6-P showed an increase 
with insulin, as well as with an increase of glucose concentration in the 
medium. This was expected in view of the increased entry of glucose into 
muscle under both of these conditions. The analyses for glucose 1-P, 
however, were surprising. The levels were low in keeping with the phos- 
phoglucomutase equilibrium, but the anticipated increase with insulin was 
not present. In a paper presented before this Academy and published in 
1959, the following two possibilities were proposed for explaining this 
fact:4 (1) The expected increase is counterbalanced by removal of glu- 
cose 1-P (presumably to glycogen) through a kinetically rapid reaction, 
possible such as the UDPG pyrophosphorylase reaction. (2) A specific 
insulin-stimulated removal of glucose 1-P would lead to the concept of a 
double effect, but not necessarily double action of insulin in diaphragm. 

In current terminology what we had found was a crossover point be- 
tween glucose 6-P and glucose 1-P. 
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Identification of the Enzyme Site 


In order to distinguish between these two alternative proposals, we 
decided to assay directly the four enzymes of the glycogen cycle in extracts 
prepared from control and insulin-treated diaphragms; the enzymes were 
phosphoglucomutase, UDPG pyrophosphorylase, phosphorylase, andglycogen 
transferase. The first three enzymes were measured spectrophotometri- 
cally; the assay of phosphorylase by this technique was one of the earliest 
assays of this enzyme in the direction of degradation. No differences 
were detected.6-8 (TABLE 1). A word should be said about the assay of 


TABLE 1 


PHOSPHOGLUCOMUTASE, UDP-GLUCOSE PYROPHOSPHORYLASE, 
AND PHOSPHORYLASE ACTIVITIES OF EXTRACTS PREPARED 
FROM CONTROL AND INSULIN-TREATED DIAPHRAGMS* 






















Extracts from Extracts from 






Mean 



















ena e control insulin-treated | gifference 
diaphragms diaphragms 
pumoles/ 
g/hr 
Phosphoglu- 187 + 100 >0.15 
comutase 
UDP-glucose 3+ 15.6 | >0.5 
pyrophos- 
phorylase 
Phosphoryl- 102 + 148 S055 
ase, total 















*Conditions: Diaphragms were incubated for 30 min at 38°C in 0.14 percent 
glucose in the absence or presence of insulin (0.1 unit/ml). Extracts were pre- 
pared and enzyme activities assayed as described in text. Mean values of six 
experiments. (from VILLAR-PALASI, C. & J. LARNER. 1961. Arch. Biochem. 
and Biophys. 94: 436.) 


transferase since it is the key point in the discovery of the insulin effect: 
It had been shown first by Leloir and coworkers,9 and rapidly confirmed 
in our laboratory, that glucose 6-P stimulated transferase. In fact, our 
first report of this stimulation (22-fold) was presentedin the paper previously 
mentioned.4 Since glucose 6-P stimulated transferase and since we had 
previously shown that glucose 6-P was increased in diaphragm after 
insulin treatment, we reasoned that it could conceivably constitute the 
controlling agent for glycogen synthesis. If this were so, the glucose 
6-P would be expected to be in contact with the enzyme in a cell free 
extract, and one could perhaps demonstrate directly after insulin treat- 
ment the enhancement of enzyme activity. Furthermore, we reasoned 
that if excess glucose 6-P were added to both control and insulin extracts, 
both enzyme activities would be maximally stimulated and inthe zero 
order part of the curve. We assayed the enzyme by the direct method of 
radioactivity incorporated from glucose labelled UDPG into glycogen—in 
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the absence as well as in the presence of excess cold glucose 6-P, a plus- 
minus assay. We found an enhancement of activity after insulin treatment 
when the enzyme was assayed without added glucose 6-P. When glucose 
6-P was added in excess, both activities, control and insulin, were max- 
imally stimulated and could not be differentiated from each other .6-8 
(TABLE 2). The experiment fit the theory; but, on closer inspection, it 
became apparent that the theory was incorrect even though the experiment 


TABLE 2 
UDP-GLUCOSE GLYCOGEN TRANSGLUCOSYLASE ACTIVITY OF 


EXTRACTS PREPARED FROM CONTROL AND 
INSULIN- TREATED DIAPHRAGMS* 






















—- 
Extracts from | Extracts from Mean 
control insulin-treated | difference P 
diaphragms diaphragms 
pmoles/ pmoles/ pmoles 
g/hr g/hr g/hr 
No glucose 26.4 36.0 9.6+1.05 |<0.001 
6-P 
Glucose 6-P 119.6 116.8 2.8 + 6.7 >0.5 
added i 











*Conditions: Diaphragms were incubated as in TABLE 1. Extracts were pre- 
pared and enzyme activities assayed as described in text. Mean values of thirteen 
experiments. (from VILLAR-PALASI, C. & J. LARNER. 1961. Arch. Biochem. 
and Biophys. 94: 436.) 


was correct. A simple calculation showed that the concentration of glucose 
6-P was too low to account for either the activity of the enzyme measured 
without glucose 6-P or the stimulation by insulin. To prove that the 
activity without glucose 6-P was not related to glucose 6-P present, four 
different types of control experiments were done: 

(1) The enzyme was precipitated with ammonium sulfate, washed and 
redissolved. The activity measured without glucose 6-P remained, as 
well as the increased activity after insulin treatment. If excess glucose 
6-P were added under these conditions, it was removed by the washing 
procedure. 


(2) Extracts were dialyzed under conditions in which glucose 6-P was 
removed. The activity measured without glucose 6-P persisted as well as 
the insulin-stimulated increase. 

(3) Extracts were prepared from diaphragms incubated with increased 
glucose in the medium but without insulin. No increase in enzyme activity 
was observed in the absence of insulin under conditions where there would 
have been an increase in glucose 6-P in the tissue. 

(4) Experiments were done with insulin in the absence of glucose in 
the medium, and the increase in enzyme activity was observed. In this 
case, no increase in glucose 6-P in the tissue with insulin treatment was 
found. 
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It was clear that another explanation was required. Ina report of these 
results in 1960,7 we concluded as follows: 


From these results it appears that observed differences in 
UDPG glycogen transglucosylase cannot be explained on the basis 
of an increased glucose 6-P content of diaphragms incubated with 
insulin. The activity of extracts measured in the presence of 
glucose 6-P seems to remain constant whatever the activity de- 
termined in the absence of glucose 6-P may be: a reasonable 
explanation would be the existence in muscle of two species of 
UDPG-glycogen transglucosylase, one active in the absence of added 
glucose 6-P, the other requiring it for activity. The insulin effect 
here reported could then be interpreted as an interconversion be- 
tween the two species. 


Two Forms of the Enzyme and Their Interconversion 


Studies of the enzyme stability with SH reagents rapidly led to condi- 
tions for preparing one of the two forms of the enzyme. A number of 
workers had showed that cysteine acted to protect and, in some cases, 
enhance enzyme activity. We incubated it in mercaptoethanol at neutral 
pH and studied the time cause of enzyme activity, again assaying without 
and with glucose 6-P. We found that without any change in total activity 
the enzyme on incubation lost its sensitivity to glucose 6-P; it became 
independent. 10 (FIGURE 1). The rate and the yield of formation of this 


400 + T r 





FROM C'*-UDPG (CPM) 
nN 
oO 
oO 
T 


100 F 





© 0 o NO MERCAPTOETHANOL 
G G GO MERCAPTOETHANOL 
=== G-6-P ADDED 


RADIOACTIVITY INCORPORATED INTO GLYCOGEN 








4 4 i 
10 20 30 50 
TIME OF PREINCUBATION - MINUTES 





FIGURE 1. The effect of mercaptoehanol on the D to I transformation reaction 
(from ROSELL-PEREZ, M, & J. LARNER. 1964. Biochemistry 3: 81). 


independent or I form of the enzyme were shown to be strictly proportional 
to the concentration of mercaptoethanol added.1!1 However, it became 
clear that this was not a direct action of mercaptoethanol on the enzyme 
itself. When purified preparations of the enzyme were incubated in 
mercaptoethanol under the same conditions, the enzyme activity was 
stable with no conversion to an independent or I form.12 
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It was next shown that enzyme thus converted was stable to further 
purification on DEAE cellulose columns. When the UDPG concentration 
dependence was studied with such a purified I preparation (FIGURE 2) in 
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FIGURE 2. Reciprocal plot of the UDPG concentration dependence with a purified 
I form preparation. Glucose 6-P concentration was 1x 10-2 M; MgClg concentration 
was 6.6 x 10-2 M (from ROSELL-PEREZ, M. & J. LARNER. 1964. Biochemistry 3: 
75). 


the presence of glucose 6-P, the Km for UDPG was lowered, but the Vmax 
was unaltered.13 

Our laboratory then discovered that if at any time during the inter- 
conversion reaction ATP + Meg2 were added, the activity of the enzyme 
decreased.!4,15 (FIGURE 3). Again the measurements were made in the 
presence and absence of glucose 6-P. The results were the opposite of the 
first conversion reaction. There was no change in total activity (glucose 
6-P, present) with a decrease in activity measured in the absence of glu- 
cose 6-P. The enzyme in this conversion became dependent. This is the 
I to D conversion with which we now are able to prepare the dependent or 
D form of the enzyme. We originally found that if muscle was stored 
frozen for several months, the enzyme that was extracted was predominantly 
in the D form. A study of the UDPG concentration dependence of this form 
indicates (FIGURE 4) that the major effect of glucose 6-P is to markedly 
increase Vmax with either no ora small decrease in Km depending on the 
species studied. The species variation is also of interest. The enzyme 
in frog and dogfish muscle is extracted almost entirely in the D form, as 
is the enzyme from dog muscle. In the latter case, the two conversion 
reactions are present. At the Federated Society meetings in 1962, we 
introduced the D and I terminology for the two forms of the enzyme.16 
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FIGURE 3. Time course of ATP-Mg transformation in a 25-fold purified en- 
zyme preparation. The complete incubation mixture contained 0.44 ml of extract 
prepared from pellets suspended in 2.0 ml of buffer, 2 x 10-3 M MgCl2, and varying 
concentrations of ATP, The final volume was 0.50 ml. Incubation was at 30°. At 
the times indicated, 0.05 ml aliquots were removed and added to a test mixture 
with and without glucose 6-P for the assay of transferase. Results are recorded 
as transferase activity inu moles/ml incubation mixture/hour (from FRIEDMAN, 
D.L. & J. LARNER, 1963. Biochemistry 2: 669). 


Mechanism and Control of Interconversion Reactions 


With P32 labelled ATP, it was possible to study the mechanism of the 
interconversion reactions. On DEAE cellulose columns, phosphorylase 
was eluted with 0.1 M NaCl, while transferase was eluted with 0.25 M 
NaCl at pH 7.8. When the enzyme was incubated with B y labelled ATP, 
P32 was incorporated into the enzyme. The proteinwas rechromatographed 
Over a second DEAE cellulose column with gradient elution, or over the 
phosphocellulose column. In these chromatograms, there was observed 
correspondence between enzyme activity and p32 incorporated into the 
protein with no correspondence to protein content. In a series of con- 
versions, the ratio of radioactivity incorporated per unit enzyme converted 
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FIGURE 4. Reciprocal plot of the UDPG concentration dependence with a puri- 
fied D form preparation. The sugar phosphate concentration was 1 x 10-2 M and 
MgClg concentration was 3 x 10-3 M (from ROSELL-PEREZ, M. & J. LARNER. 
1964. Biochemistry 3: 75). 


was constant and ranged from 1.0-2.4 mp moles p32/unit transferase 
converted from I to D.15 Probably the lower values are more accurate 
since they were obtained with more highly purified preparations of the 
enzyme. When f P32 y P31 ATP was used as substrate, essentially no 
radioactivity was incorporated (3 percent of control) indicating that only 
the terminaly phosphate was transfered. When the most highly purified 
preparations of the enzyme were tested (P-cellulose column) with ATP- 
Mg no conversion of I to D occurred. This indicated that the conversion 
reaction was not complete, and it suggested that another enzyme was re- 
quired. This can now be identified as a kinase, distinct and separate from 
phosphorylase b kinase, and provisionally termed transferase I kinase.17 
The Kym for ATP has been estimated at 7 x 10-5 M, and a requirement for 
Mg2t as well as ATP has been established. 

Transferase I kinase is sensitive to cyclic adenylate. It has been 
previously shown by Krebs and Fischer that cyclic adenylate stimulated 
the activation of phosphorylase b kinase in muscle18 and by Sutherland 
and Rall to stimulate the same reaction in liver.19 Belocopitow, in 1961, 
was first to show that cyclic adenylate together with ATP decreased trans- 
ferase activity, as did epinephrine treatment of diaphragms.20 However, 
from his data, it was not possible to tell how the cyclic adenylate was 
acting since he assayed the enzyme only in the presence of glucose 6-P. 
We were able to show that cyclic adenylate acted in the I to D conversion 
reaction.2! The sensitivity of the muscle transferase I kinase system has 
now been studied. The system is as sensitive to cyclic adenylate as is the 
phosphorylase b kinase activation with half maximum stimulation occurring 
at about 6 x 10-8 M and full stimulation at about 5 x 10-7 M.22 
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The mechanism of the D to I conversion reaction previously shown to 
be stimulated by mercaptoethanol was studied with the p32 labelled enzyme 
as a tracer. It was added to a crude D toI conversion system as a marker 
to label the endogenous D. The release of radioactivity and the conversion 
of D to I activity were determined simultaneously.15 A correspondence 
between the release of P32 (shown to be inorganic phosphate) and the 
conversion of D to I was noted. 

As a result of these experiments, partial equations could be written 
for the two interconversion reactions (TABLE 3). 


TABLE 3 


ACTIVE-INACTIVE INTERCONVERSIONS OF PHOSPHORYLASE 
AND GLYCOGEN TRANSFERASE 








Phosphorylation-Dephosphory lation 
Ph(b)-kinase 
Mg*+ + 4ATP + 2Ph(b) ——————+ Ph, - 4PO;(a) + Mg2+ + 4ADP 
PL ae 0) ees ene 4POq(a) + H,O 
Ph-phosphatase 
Tr(I)-kinase 
Mg++ ATP +Tr() ———+ Tr - PO;(D) + Mg?*+ + ADP 
Pi+Tr() +———— _ Tr - PO;(D) + H,0 


phosphatase 











In recent work reported at the 1966 Federated Society meetings, Dr. 
Villar-Palasi has shown that the transferase phosphatase activity is sensi- 
tive to control by glycogen itself.23 When the concentration dependence of 
the inhibition of the transferase phosphatase reaction by glycogen was 
studied, the following curve was obtained (FIGURE 5). At a glycogen con- 
centration of 10 mg/ml, the enzyme was over 90 percent inhibited; at a 
concentration of 1 mg/ml, it was inhibited only 30 percent. When phos- 
phorylase phosphatase and transferase I kinase were tested, no effects 
of glycogen were detected. It is of interest that Krebs et al. had shown 
that glycogen stimulated phosphorylase b kinase in two ways, both the ATP 
activation reaction, as well as the inactive enzyme itself.24 The con- 
centration dependence of stimulation of phosphorylase b kinase and inhibi- 
tion of the transferase phosphatase reaction are strikingly similar and in 
the physiologic range. Danforth had shown, in intact mouse muscle and in 
diaphragm, an inverse relationship between glycogen concentration and 
the fraction of transferase in the I form.25 (FIGURE 6). As the concentra- 
tion of glycogen decreased, the fraction of the enzyme in the I form in- 
creased to over 80 percent I at a glycogen concentration of 1 mg/gram or 
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FIGURE 6. Relation between the concentration of muscle glycogen and the per- 
centage of transferase in the I form in mice from strain 57 and from strain Ipnip 
(from DANFORTH, W.H. 1965. J. Biol. Chem. 240: 588). 


less. Needless to say, the experiment can also be read interms ofa 
relationship between glycogen content and the fraction of the enzyme in 
the D form just as well. This in vivo work can be related to the in vitro 
work as follows. At the higher glycogen concentrations, the transferase 
phosphatase would be depressed in activity and the transferase enzyme 
would be maintained to a greater extent in the D form. With lower glycogen 
content, the phosphatase would be released from its inhibition and would 
be more active, and the transferase would be favored in the I form. From 
the effect of glycogen on phosphorylase b kinase, one could predict an 
analogous relationship in vivo for phosphorylase. Recently, this has been 
shown by Danforth.26 
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Phosphorylated Sites 


During a sabbatical year, in collaboration with Dr. F. Sanger in Cam- 
bridge, England, we were able to work out the hexapeptide sequence for 
the phosphorylated site of transferase.27 This was done with radioactive 
techniques similar to those previously used by Dr. Sanger and his students 
for elucidating the sites of several enzymes phosphorylated by DF P32. 
We are currently engaged in studies designed to extend the sequence, work- 
ing with larger amounts of enzyme from which peptides are prepared and 
analyzed at the ninhydrin level. 

Two general techniques were used in the original studies to modify 
the labelled peptides, they include (1) acid and enzymic hydrolysis and 
(2) subtractive Edman. Six major radioactive bands were isolated after 
acid hydrolysis from which the sequence was partially determined. When 
it was apparent that the sequence resembled the hexapeptide sequence of 
muscle phosphorylase a, the two were compared directly and on electro- 
phoresis at pH 6.5, all six bands were found to correspond exactly. From 
this we conclude that, with the proviso ofbasic amino acid on the N terminal 
side, the hexapeptide sequence of the two enzymes are identical (TABLE 4). 


TABLE 4 


SEQUENCES OF PHOSPHORYLATED SITES OF 
PHOSPHORYLASE AND GLYCOGEN TRANSFERASE 








Phosphorylase 


Ser -Asp- Glu: Glu: Lys- Arg - Lys-Glu- Ile-Ser -Val -Arg- Gly - Leu 
(NH9) (NH9) Pp 


(Nolan, Novoa, Krebs, Fischer - 1964) 
Transferase 


Arg 
‘Glu ‘Ile -Ser -Val-Arg- 
Lys Pp 


(Larner, Sanger - 1965) 





The comparison was made with added phosphorylase b kinase kindly sup- 
plied by Dr. Krebs. It was, in fact, the inactivity of the phosphorylase b 
kinase in our preparation which allowed the experiment to be done. The 
similarity or identity of these sites could arise by chance, or it might be 
that these two proteins are related to each other in an evolutionary sense. 

In this connection, it is appropriate to mention that, with Drs. Parr 
and Teree, we have published a report of a case of fatal hypoglycemia in 
a four-month-old child in which both phosphorylase and transferase were 
essentially absent in liver and muscle tissue, as was glycogen.28 In this 
family, four out of six children had died of unknown causes. Two infants 
had died within a few days of birth and the third at about three weeks of 
age. On reviewing the slides, similar pathology was found in the four 
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cases. We cannot, of course, say from these findings whether the absence 
of phosphorylase was secondary to an absence of transferase and of gly- 
cogen, or whether this is a true double defect in a genetic sense. Never- 
theless, it is a rather provocative case and is striking in terms of the 
profound and lethal hypoglycemia associated with the absence of glycogen 


and the two enzymes. 
Hormonal Control 
As shown from the work of Danforth25 with starvation and epinephrine 
action, the enzyme-glycogen relationship is maintained, but the curves 
have been displaced in each case to the left along the horizontal axis 


(FIGURE 6). Studies with insulin in diaphragm were also made by Danforth 
(FIGURE 7). Two curves are again noted with the displacement by the 
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FIGURE 7. The effect of insulin on the relation between glycogen transferase I 


activity and glycogen in the isolated rat diaphragm (from DANFORTH, W.H. 1965. 
J. Biol. Chem, 240: 588). 
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hormone, in this case, to the right along the horizontal axis. From these 
results it is seen that the hormonal controls are superimposed on the 
glycogen controls and that both nonhormonal and hormonal controls are 
Operating. The experiments suggest that the hormones act to shift the 
sensitivity of the glycogen control: in the case of epinephrine, in the 
direction of increase sensitivity, and in the case of insulin, in the direction 
of decreased sensitivity. 

The first demonstration of the hormonal control of glycogen transferase 
was made by our laboratory and reported in 1960.6,7 At that time we 
showed that the enzyme activity was increased after insulin pretreatment 
of cut rat diaphragms. When the intact rat diaphragm preparation was 
treated with insulin, the transferase I activity was also increased with no 
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significant change in total activity.12 The effect of epinephrine alone and 
of epinephrine together with insulin on the balance of forms of the enzyme 
using intact diaphragm were studied in collaboration with Dr. Craig.29 
Here epinephrine acts to decrease enzyme activity. With high concentra- 
tion of epinephrine (6 x 10-5 M) both I and total activity were decreased. 
At a lower concentration of epinephrine, only the I is decreased with no 
change in total activity. This indicates that the I activity is the more 
sensitive index of epinephrine action. The explanation for the decrease 
in total activity may be related to the glycogenolysis in the tissue brought 
on by the high concentrations of epinephrine. With lower tissue glycogen, 
the enzyme is inherently less stable and may show a decrease in total 
activity after homogenization of the tissue. This experiment shows another 
point, that the two hormones counteract each other in controlling trans- 
ferase. When the diaphragms were incubated with both hormones, the 
balance of the enzyme forms were restored to almost the control level. 

In contrast to these results with transferase, no such hormone inter- 
relationship was detected with phosphorylase. Thus, while epinephrine 
could be readily shown to activate phosphorylase, no action of insulin was 
observed, and no action of insulin took place in the presence of epine- 
phrine. 

The significance of these observations relates to the question of whether 
cyclic adenylate, which acts on transferase I kinase, is an obligatory inter- 
mediate in the action of insulin on transferase. We reasoned, on the basis 
of the lack of response of phosphorylase, that cyclic adenylate was not an 
intermediate in the action of insulin on transferase. Recently, Butcher 
et al.30 and Exton et al.31 have reported that insulin under appropriate 
conditions reduced the level of cyclic adenylate in liver and adipose tissue. 
My colleagues, Drs. Rall and Craig,32 have analyzed diaphragms for cyclic 
adenylate under similar conditions to those in which the reported enzyme 
changes were observed. No influence of insulin on the concentration of 
cyclic adenylate was observed either in the absence or presence of epine- 
phrine. Further work will be required to resolve this question, but it is 
our feeling at present that, even though insulin can be shown to decrease 
the concentration of cyclic adenylate under certain conditions, the en- 
hancement of transferase can be shown to occur under conditions where 
there is no effect of insulin on the tissue concentrations of cyclic adenylate. 


Mechanism of Action of Cyclic Adenylate 


Studies have been initiated on the mechanism ofaction of cyclic adenylate 
in the transferase I kinase reaction. The sensitivity of the kinase system 
in skeletal muscle to cyclic adenylate has already been alluded to. Working 
with a concentration of cyclic adenylate which maximally stimulated 10-6 
M, we studied the effect of varying the concentration of M2", ATP and 
ATP-Mg at constant ration of 2.33 When the ATP concentration was 
varied at a constant Mg2t concentration of 4 mM, the following result was 
obtained. At concentrations of ATP which exceed the Mg concentration, 
inhibition occurs. In the absence of cyclic adenylate, the inhibition at high 
ATP concentration is more pronounced. When these results were plotted 
according to Lineweaver and Burk, the Km values for ATP in the absence 
and presence of cyclic adenylate were 2.0and0.5 mM respectively (TABLE 5, 


Larner: Control of Glycogen Metabolism 205 
TABLE 5 


KINETIC MECHANISM OF ACTION OF CYCLIC ADENYLATE* 








K 


s 
—— 
QEEMeAT? SSS E> MgA TP Kg Large number 
2+ Ka ‘ 2 

(2) E+Mg ———————E - Mg(activated) K, - cyclophosphate 5 x 10°“ M 

K, + cyclophosphate 1 x 10-3 M 
Ky Mg 
(3)E- Mg + MgATP Sees Kg - cyclophosphate 2 x 10-3 M 


se + cyclophosphate 0.5 x 10-3 M 





* From HUIJING, F. and J. LARNER. 1966. Proc. Nat'l Acad. Sci. U.S. 56: 647. 


equation 3). In the presence of the cyclic nucleotide, there was a fourfold 
shift in the apparent Km for ATP. 

When the Mg concentration was varied at a constant ATP concentra- 
tion (8 mM), the transferase I kinase activity in the absence and in the 
presence of cyclic adenylate was sigmoidal (FIGURE 8). At low concentra- 
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FIGURE 8. Transferase I kinase activity as a function of Mg2t connection with 
and without adenosine 3'5' cyclophosphate (from HUIJING, F. & J. LARNER, 1966. 
Proc. Nat'l Acad. Sci. U.S. 56: 647). 
tions of Mg2t, there was no kinase activity detected in the absence of the 
cyclophosphate, but in its presence the activity had a finite value. At 
higher Mg concentrations, the cyclophosphate caused a considerable 
stimulation. At 4 mM, the stimulation was greater than 100 percent. 
A still higher concentration of Me2t (20 mM) caused maximal activity, 
and cyclic adenylate had no further effect. When these results were 
plotted in the reciprocal manner, two curved lines were obtained (FIGURE 
9) which were concave in the upward direction. The linear portions of 
the lines with and without the cyclophosphate have a common intercept 
with the vertical axis. When the ATP-Mg ratio was kept constant at 
2.0 and the concentrations of both ATP and Mg2t varied, similar sigmoidal 
direct plots and upward curved Lineweaver-Burk plots were obtained. 
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FIGURE 9. Double reciprocal plot of transferase I kinase activity versus Mg2+ 
concentration with and without adenosine 3'5' cyclophosphate (from HUIJING, F. & 
J. LARNER, 1966. Proc. Nat'l Acad. Sci. U.S. 56: 647). 


The behavior of transferase I kinase in the absence of the cyclic 
nucleotide is compatible with activation of the enzyme by its cationic 
cofactor, Mg2*, as outlined for a theoretical case by Dixon and Webb.34 
It is assumed that the substrate of transferase I kinase is an ATP-Mg 
complex. At low concentrations of the activator, i.e., Mg2", there is no 
activity because the dissociation constant of enzyme-substrate complex 
is large (TABLE 5, equation 1). However, once an enzyme activator com- 
plex is formed (TABLE 5, equation 2), the substrate ATP-Mg can be more 
effectively bound to the enzyme-activator complex (TABLE 5, equation 3). 
By constructing theoretical curves for the plot V/v against 1/Mg2* for 
different Ky, values and comparing them to the experimental curves, it 
can be estimated that the dissociation constant of the enzyme activator 
complex (Ka) in the absence of the cyclophosphate is of the order of 5 x 
10-2 M. Inthe presence of the cyclic nucleotide, the Ka can be determined 
to be approximately 1 x 10-3 M. Thus, cyclic adenylate causes a small 
decrease (fourfold) in the dissociation constant of the activated enzyme 
substrate complex (TABLE 5, equation 3), but a major change (50-fold) 
in the dissociation constant of the enzyme activator complex (TABLE 5, 
Ka equation 2). 

Krebs et al, studied the activation of phosphorylase b kinase by varying 
the concentration of Mg2+ in the presence and absence of cyclic adenyl- 
ate.24 At low Mg2™ concentrations, there was no phosphorylase b kinase 
activity in the absence of the cyclic nucleotide. Higher Mg2™ concentra- 
tions (up to 200 mM in the presence of 10 mM ATP) maximally stimulated 
even in the absence of cyclic nucleotide. A reciprocal plot of their data 
indicates that in the absence of cyclic adenylate a curved line is obtained 
which is convex upward. This is compatible with a mechanism involving 
two enzymes requiring the same cofactor. In the presence of cyclic 
adenylate, a straight line is obtained. This might indicate that only one 
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enzyme is operating, or that the two enzymes have the same low Km for 
Mg2+, In conclusion, these experiments suggest the Mg2t causes an 
allosteric activation of transferase I kinase and that cyclic adenylate 
en the degree of affinity of the allosteric site of the enzyme of 
Mg-r, 


Summary 


By way of summary, I would like to present our current point of view 
on the control of the phosphorylase and transferase systems in terms of 
what might be termed the circuit diagrams. The basic idea behind this 
is the cascading series of reactions of blood coagulation where it has been 
proposed that a series of inactive-active enzyme interconversions which 
are hydrolytic in nature are interlocked in a cascade sequence. 

In the case of phosphorylase (FIGURE 10), the hormonal and metabolite 
controls outlined are shown in terms of the reaction, the inactive-active 
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FIGURE 10. Cascade diagram of phosphorylase system. 


reaction, the inactive-active kinase reaction, the hormonal control through 
cyclic adenylate, and nonhormonal control by AMP, glycogen, trypsin, 
and Ca2?, 

In the case of transferase (FIGURE 11), the hormonal and metabolite 
controls are shown in terms of the reaction, the conversion reactions, and 
the control through cyclic adenylate and the as yet unknown insulin control. 
The nonhormonal controls by glucose 6-P and glycogen are also shown. 

If there is any lesson to be learned from this work, it is that the control 
of glycogen metabolism is not simple. Nature seems to have sacrificed 
simplicity for other purposes, one of which appears to be a precise control 
and regulation of glycogen metabolism. 
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FIGURE 11. Cascade diagram of transferase system. 
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SECTION OF PHYSICAL SCIENCES 
SIMILITUDE IN ATOMIC PROCESSES* 
Werner Brandt 


Department of Physics, New York University 
New York, N.Y. 


I 


After enjoying the most gracious hospitality, I must appear ungrateful 
to the Academy in beginning my talk with thoughts about the kind of repast 
Swift would have allotted us, had we arrived here as Gulliver in the land 
of Lilliput. Having credited, appropriately enough, the Lilliputians with 
being ‘‘most excellent mathematicians,’’ Gulliver quotes the final para- 
graph of the solemn agreement between himself and Golbastoh, Most 
Mighty Emperor of Lilliput, stipulating that ‘‘the said Man-Mountain shall 
have a daily allowance of meat and drink sufficient for the support of the 
numbers of 1,728 of our subjects...’’ Gulliver continues, ‘‘Sometime 
after asking a friend at court how they came to fix on that determinate 
number, he told me that his majesty’s mathematicians, having taken the 
height of my body by the help of a quadrant and finding it to exceed theirs 
in the proportion of 12 to 1, they concluded from the similitude of their 
bodies that mine must contain at least 123= 1,728 of theirs, and con- 
sequently would require as much food as was necessary to support that 
number of Lilliputians, by which the reader may conceive an idea of the 
ingenuity of that people as well as the prudent and exact economy of so 
great a prince.”’ 

Today, we would say that the Lilliputians applied the method of di- 
mensional scaling to the processes of metabolism, starting clearly from 
the assumption that the underlying reactions obey the same laws in kind 
as theirs. Some two thousand years earlier, Protagoras declared man to 
be the measure of all things: only the relative magnitude of things is 
important. Swift agrees in letting Gulliver reflect that ‘‘undoubtedly 
philosophers are in the right when they tell us that nothing is great or 
little otherwise than by comparison.’’ In short, scaling is nothing more 
than a view through a pair, or an inverted pair, of binoculars. But daily 
experience teaches us differently. The scaling of physical laws does not 
just follow changes in linear dimensions. Consider the elegant argument 
by the eighteenth-century physician Lesage on why insects have hard 
skins. The mass of an animal grows with its linear dimensions d as d3, 
the surface area of the skin grows as d2; thus, the ratio of surface to mass 
is proportional to d-1. Since the total metabolic loss through the skin 
is proportional to the surface area, the smaller animals must protect 
themselves against excessive losses by a skin of commensurably lower 
porosity. 


*This paper was presented at a meeting of the Section on March 17, 1965. 
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This example points to the core of the principle of similitude expounded 
by Lord Rayleigh and by R. C. Tolman at the beginning of this century and 
reformulated in the more general principle of dimensional analysis by 
P. W. Bridgman.l The principle states that the functional relationship 
between a group of quantities remains unchanged, if each quantity is 
multiplied with a different arbitrary factor. As Lesage argues it for 
the surface-to-mass ratio, the invariance of the functional relations is 
the central theme of both principles. Galileo may well have been the first 
to understand the essence of this principle in depth and to apply it con- 
sistently in different contexts. Famous is his reasoning that while the 
bending moments of the branches on a tree increase as the tree grows, 
the inherent strength of wood does not; and so, trees will never grow to 
touch the skies.2 

Physics makes extensive use of arguments of similarity since they 
lead to conceptual simplicity and computational advantages. In fact if, in 
the words of Lindsay and Margenau, the aim of the physicist is to work 
with the smallest possible number of concepts andtheir representative sym- 
bols in trying to describe the infinite diversity of nature,3 the search for 
similarities in entire classes of phenomena must be an important step in 
this program. 


The idea of corresponding states of matter is an outstanding example 
of the search for similarities. It enables us to grasp some of the 
properties of matter in a comprehensive way, despite the fact that it is 
impossible at present to derive them in detail from first principles. 
Quantum mechanical calculations of the forces acting between atoms are 
not sufficiently accurate, and, moreover, only in a few simple cases can 
the methods of statistical mechanics give the exact dependence of the 
physical properties on such forces. A purely empirical approach is no 
more successful, for the relation between two different properties is 
generally too subtle for correlations alone to be useful. The study of 
interatomic forces and the atomic theory of the properties of gases have, 
therefore, proceeded along the following lines: First, classical and 
quantum mechanical calculations have been used as a guide to the probable 
dependence of the forces on the separation of the atoms and, in the case of 
molecules, where relevant, on the angles which define their mutual orienta- 
tions; an expression for the potential energy curve which is approximately 
of the correct shape but contains several unknown parameters may then 
be deduced. Second, the physical properties of a substance formed from 
these idealized molecules are calculated by the methods of equilibrium 
statistical mechanics and that part of nonequilibrium statistical mechanics 
which is usually called ‘‘kinetic theory.’”’ Third, these calculated proper- 
ties are compared with those observed to see whether the assumed model 
is adequate and, if so, what are the best values of the unknown parameters. 
Very often it is found that one property may be accounted for by a variety 
of intermolecular potentials. It is then necessary to make the comparisons 
between theory and experiment as wide as possible. Different properties 
test different aspects of the potential, and a potential which will satisfy 
many properties is probably close to reality.4 

For example, the so-called Lennard-Jones potential combines the 
asymptotically correct distance dependence of the attraction between neutral 
atoms with mathematical ease by approximating the repulsion by a simple 
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power law. It contains only two atomic parameters. If we consider this 
function to be invariant for all atoms, all gases should have the same 
equation of state in terms of reduced state variables. That is, we express 
the measured relation between pressure, volume and temperature not in 
the units of our laboratory instruments, butinterms of the two characteris- 
tic atomic scaling parameters in the interaction law. FIGURE 1 shows 
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FIGURE 1. The equation of state of some nonpolar gases as a function of the 


reduced volume V* for several values of the reduced temperature T*. From 
Reference 5. 


the equation of state of some nonpolar gases as a function of the re- 
duced volume for several values of the reduced temperature.) The fact 
that all experimental points, irrespective of the gas in question, fall on 
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smooth curves justifies the approach just described and leads one to con- 
clude that a comprehensive understanding of at least the gross features of 
the problem has been achieved. It is the study of the small deviations 
from the general behavior which brings into proper perspective the do- 
mains where a deeper analysis of the phenomena is necessary and where 
new scientific discoveries are possible. 


Il 


In the study of gases at normal temperatures and pressures, a simple 
interaction potential suffices to describe the important trends in the equa- 
tion of state, but it cannot be extended to encompass the atomic interaction 
at distances small compared to the gas kinetic radii of atoms. A different 
approach must be taken for a correspondence formulation of energetic 
atomic collisions. Consider the interpenetration of two krypton atoms in 
collission. It is clear that a detailed analysis of such a process between 
two heavy nuclei and 72 electrons becomes impossible. Even if successful, 
it would not enable us to predict the main features of an energetic collision 
between, say, two xenon atoms. In fact, the nearly 1,000 isotopic species 
known today would require the study of some 106 separate encounters for 
elucidating all possible atomic collisions, were we not able to find methods 
for predicting the salient features of all such processes ina transparent 
manner. 

Although much thought has been given to it since the beginning of this 
century, this program gained momentum only during the last twenty years 
for two reasons. Experimentally, investigations with energetic heavy 
ions became possible with the advent of nuclear fission and the construction 
of high-energy heavy ion accelerators. On the theoretical side, the way 
was paved with the monumental paper by Niels Bohr, “The Penetration 
of Atomic Particles Through Matter,’’6 and its subsequent extensions by 
his pupils, notably Lindhard and Scharff.? 

The important first step in this program is the adoption of suitable 
models for the atomic interaction potentials and excitation spectra, which 
can be scaled with regard to the atomic number and are realistic over the 
range of interest in energetic collisions. Now, all properties of the 
statistical model of the atom, in either the Thomas-Fermi (TF) or Lenz- 
Jensen (LJ) approximation, depend parametrically only on the atomic 
number.8 The statistical model assumes that the charge of the electrons 
is distributed continuously everywhere in the electronic cloud; in Gombas’s 
words, it views the electrons as being pulverized. Itisa self-consistent 
atomic model, where the precise quantum mechanical treatment is re- 
placed by the classical relation in space between the electron density and 
the energy density as it would apply to a free uniform electron gas, sub- 
ject only to the Pauli exclusion principle of quantum mechanics. In this 
sense, the statistical atom is a semiclassical model. As a consequence, 
the details of the shell structure are smeared out, and the characteristic 
periodicity of the valence shells is lost. However, we gain the desired 
attribute of similitude: all atomic properties become the same for all 
atoms if scaled appropriately with regard to the atomic number Z. 


At first sight this may appear to be a pyrrhic victory since most atomic 
properties we are accustomed to deal with are overtly not of this kind. 
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However, these are only the ones determined by either the innermost or 
the outermost atomic shells; indeed, they cannot be described in sucha 
manner. The statistical description applies best to the intermediate shells 
of atoms, just where energetic collisions probe the atomic properties. 


III 


Two examples may illustrate the above point. If the statistical approach 
is to be satisfactory, it should relate in a comprehensive and, on the 
average, realistic manner the electronic frequencies to the positions in 
the atom from which the electrons are excited. One can connect the 
frequency, w(r), to the force exerted on an electron at a distance r from 
the nucleus by the nuclear charge and by the charge of all the other elec- 
trons distributed in the atomic cloud as prescribed by the statistical 
model. A smooth universal curve results as shown in FIGURE 2, where 
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and compared with the Hartree-Fock energies of noble gas atoms. 


#/Zry is plotted against x = r/u , the reduced distance variable of the statis- 
; weuse the notation fry = 13.6eV, and 
ag =fh2/me2 for the Bohr radius.9 For comparison, we have plotted at 


tical model, with p = 0.8853 agz-1/3 
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the respective mean shell radii the Hartree-Fock energies, calculated by 
Herman and Skillman,190 of all states in the six noble gas atoms, with Z 
varying from 2 to 86. 

As a second example, consider the photoabsorption cross section 
corresponding to these excitation frequencies. The absorption cross sec- 
tiong(w). is related directly to the differential oscillator strength distribu- 
tion, or spectral function, g() as 


o(w) = (2272e2/mc) g(w) (1) 


where (272e2/mc) = 8.067 ry megabarn. The function g(w) fulfills the sum 
rule 


Jeo) do =N 


where N is the number of electrons in the system. If we say that the fre- 
quency of excitation at point r in the atom, where the electron density is 
—- a — 

p(r), equals the local plasma frequency ®(r) = (47e29 (r)/m)!1/2, and that 
the number of electrons, oscillating there, Pp r) d3r, is just equal to the 
oscillator strength g(w(r))dw, a universal spectral function results for 
the statistical model. Asymptotically for large Z, it represents the 
more detailed results based on Hartree electron distributions of specific 
atoms, as seen in FIGURE 3. Indeed, according to FIGURE 4, it represents, 
on the average, all known experimental data in a comprehensive manner.9 
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FIGURE 3. Photoabsorption cross sections calculated in the Drude approxima- 
tion of local response for the electron density distributions of the statistical Thomas- 
Fermi and Lenz-Jensen atoms, and for the Hartree distributions of Ar and Hg. 
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FIGURE 4. Comparison of the universal photoabsorption cross section, for the 
Lenz-Jensen distribution, as shown in FIGURE 3, with experimental cross sections 


of eight different atoms. The light solid line marks the asymptotic form of the 
LJ cross section. IV 


When atoms move with high energy through a target, the inelastic 
electronic processes dominate. Because of the correspondence in the 
excitation spectra of atoms, illustratedin FIGURES 3 and 4, the rate of ener- 
gy loss per unit track length, the stopping power, can be described in a uni- 
fied manner by the statistical method. We follow our program and invoke 
first the detailed quantum mechanical law governing the stopping power of 
atoms. As Bethel! has shown and applied quantitatively to the hydrogen 
atom, the stopping cross section S at high energies is proportional to 
the square of the charge of the moving particle, Z1e, and inversely pro- 
portional to the square of the particle velocity v1. 


S = 417a9(Z1€)2Z9(vo2/v42)L (2) 


where Z9 is the number of electrons per target atom, vo = e2/h, and L 
is the average stopping number per electron in the target. S is independent 
of the mass of the moving particle. Asymptotically at high energies, 


L=N-l [e@jdo log(2mvy2/Aiw) = log(2mv32/1) (3) 
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where I is a mean excitation potential of the target atoms. It is the only 
material characteristic constant of the theory. Now, as argued by Bloch12 
and later by Lindhard and Schariff,? it is one of the consequences of the 
statistical model that the scale of time varies~Z-1, and, therefore, all 
atomic frequencies vary ~ Z. If we introduce the reduced variable 


X= vj2/Vo2Z2 
the function L becomes 
L(x) = log (2mvo2x/K) (4) 


where K is a constant ~lry. The stopping cross section becomes propor- 
tional to L(x)/x, a universal function of x. 

FIGURE 5 shows a plot of this kind for protons.13 For orientation we 
remark that if the kinetic energy of the protons E, is given in Mev, then 
x= 40 E,Z97l. The figure exhibits clearly the aspects of similitude in 
the dynamic processes behind the stopping phenomenon, and it points up 
domains where fine structures appear above and beyond the universal 
trends typified by only one cardinal quantity K, which needs to be analyzed 
in more subtle ways.14 

We notice an important feature of the semilogarithmic plot in FIGURE 5, 
namely that the function L deviates at low particle velocities from the 
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FIGURE 5. A plot of the function L(x) vs x for the stopping of protons in dif- 
ferent targets. From Reference 13. 


218 Transactions New York Academy of Sciences 


straight line expected from Equation 4. We can understand this if we 
refer to Equation 3. Whenever vy falls below a certain value, the logarithm 
becomes negative, and the theory in this form breaks down. We can sup- 
press this inadequacy by limiting the integral to positive values of the 
logarithm. Then L(x) approaches zero with decreasing x, following closely 
the trend of the experimental data. Since the stopping cross section de- 
pends on L(x)/x, a maximum in the stopping power results, characteristic 
of the excitation spectrum of the target atoms. To the extent that scaling 
applies to g(w) as indicated in FIGURES 3 and 4, the maxima themselves 
should follow a universal curve which can be calculated in the framework 
of the statistical model.. FIGURE 6 shows this function for some slightly 
different model parameters and compares it with available experimental 
data on stopping power maxima.!5 All but the lightest elements follow 
closely the universal curves. 
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FIGURE 6. The stopping function L(x) at the stopping power maximum, x= 
Xmax, and experimental data for protons in different targets. 


We note in Equation 2 that the stopping power is proportional to (Z1e)2. 
At very high energies, all electrons are stripped from the moving ion, 
and Zje can be identified with the charge of its nucleus. At lower energies, 
electrons are captured, and Zje stands for an effective charge smaller 
than the nuclear charge. As long as we can neglect the inelastic effects 
caused by the capture and loss of the electrons, it is reasonable to assume 
that the magnitude of Zje is only a function of the ion velocity, but not of 
the mass. The stopping power is then still a universal function of V1; 
where Zje changes in the same scaled manner for all moving ions. 
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FIGURE 7 indicates to what extent this assumption is supported by 
stopping experiments on aluminum.16 Indeed, the overall trend is de- 
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FIGURE 7. The effective charge relative to the bare nuclear charge of different 
ions being stopped in aluminum. From Reference 16. 


scribed well by a universal function with deviations in the form of a fine 
structure. This conclusion becomes clearer if one plots the square of 
the ion velocity against the amount by which the actual ion range exceeds 
the range calculated for the bare nuclear charge, because the nuclear 
charge is screened by the electrons captured on the moving ion. The plot 
in FIGURE 8 makes it apparent that with decreasing ion velocity and the 
concurrently decreasing effective charge of the ion, the relative range in- 
creases approximately in the same way for all ions. Had the velocity 
dependence been strictly universal, all curves would coalesce. In fact, 
the larger Zj, the faster the ions capture electrons; therefore, the reduced 
ranges of the lighter ions are somewhat shorter than one would have ex- 
pected on the basis of our correspondence argument. 


V 


When moving very slowly, ions cannot excite the electrons in the target 
to any significant degree, and stopping proceeds predominantly via momen- 
tum transfer to the target atoms in elastic collisions. The knocked-on 
atoms in turn can be displaced from their rest positions and move through 
the target, again displacing atoms along their paths until they are stopped. 
In short, displacement cascades originate along the path of an incoming 
ion, leaving radiation effects in its wake. The macroscopic properties of 
the target material can change aS a consequence. For example, in tech- 
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FIGURE 8. Variation of ion energies with a universal absorber thickness in 
aluminum, From Reference 16. 


nological applications under intense radiations, the properties may in time 
deviate from the specifications stipulated for end-use conditions. There- 
fore, the term ‘‘radiation damage’’ is often used in this context. 

Radiation effects of this sort are determined by the atomic interaction 
potential. Many different models have been discussed in this connection,17 
but few combine a universal scaling law with a realistic dependence on the 
impact parameter. Again, the statistical model offers a good choice, 
where all elastic collisions can be represented in terms of a 
suitably scaled electrostatic potential derived from the self-consistent 
electron density distribution in the Thomas-Fermi atom. We obtain the 
orbits from classical scattering theory, since the deBroglie wave lengths 
of the ions are always very small compared to the atomic dimensions. 
In Lindhard’s treatment,? a relevant scaled dimensionless energy variable 
€ results if one measures the kinetic energy of the system, (1/2) Mov12, 
in units of a representative potential energy in the encounter, ZZoe2/a; 
Mo is the reduced mass defined by Mo-! =My;m,"!, and the constant 


a = 0.8853a,4(Z 42/3 + Z92/3)-1/2 (5) 


is a characteristic screening length in the statistical model.6 Thus, 


eae (6) 
Z1Zoe"(M1 + Mg) 
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On calculating the differential scattering cross section for the screened 
potential, do, multiplying with the kinetic energy T, and integrating over all 
energies transferred in such encounters, the stopping cross section 
S ={Tdo can be deduced. Furthermore, if we note that the upper limit of 
the integral is given by the maximum energy which can be transferred to 
an atom at rest, Tmax= 4M1M2E1/(Mi+ M2)2, we conclude that S must 
be of the form 7a2Tmax times a universal function of ¢. Ina target of 
atomic density N, the stopping power 


dE/dR= NS=NfTdo (7) 


can then also be written as a universal function de/dp, applicable for all 
ions in all targets, provided we scale the range R into the dimensionless 
variable 

p =Nza2R4M1Mo/(M, + Mp)? (8) 


The loss of energy by slow ions via inelastic processes, i.e., electronic 
excitations, decreases from the maximum discussed previously to be- 
come asymptotically proportional to vj in just the velocity range where 
elastic atomic stopping dominates. In terms of the scaled variables 
appropriate for elastic stopping, the electronic stopping power takes 


the form (de /do) 1 ye: (9) 


where k is a constant which varies only slightly with the charge of the in- 
coming particle, and typically has values ranging between 0.1 and 0.2. 
FIGURE 9 shows the reduced stopping powers due to elastic and inelastic 
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FIGURE 9. Reduced nuclear and electronic stopping powers for a typical value 
of k for low-energy ions in the Thomas-Fermi approximation. 
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events as a function of «1/2. The range of particles, of initial energy «1, 
follows directly from an integration over the sum of these functions. 


de 
e(ei)= 1 (de /dp), + ke 1/2 (10) 


FIGURE 10 reproduces a family of range curves so calculated for different 
k values, together with experimental data covering a wide selection of ion- 
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FIGURE 10. A comparison of the reduced range, for different values of k, for 
1<€< 100, where electronic stopping becomes important, with experimental data 
(to be corrected for this comparison as indicated by the arrows). From Reference 7. 


target combinations. These data, as do more specialized studies such as 
the one on iron shown in FIGURE 11,18 confirm in detail the trends pre- 
dicted from a unified low-energy stopping power theory based on the 
aspects of similitude in atomic collisions. 


VI 


Just as the formulation of an equation of corresponding states in gases 
leads naturally to the formulation of corresponding transport coefficents, 19 
the correspondence in the energy loss of charged particles in matter should 
manifest itself to some degree in all phenomena which have such energy 
transfer at their roots. For example, the question as to what fraction of 
the total energy imparted to a target will eventually be found in atomic 
displacements or in electronic excitations becomes important, on the one 
hand, for predicting the production of radiation-induced defects in the 
target structure, and on the other, for the ultimate resolution of ionization 
chambers and solid-state radiation detectors, all of which operate through 
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FIGURE 11. Comparison of experimental recoil ranges in Fe°6 with the values 
predicted from Equation 10 or Figure 10. From Reference 18. 


the energy deposited in electronic excitations. In fact, significant progress 
is currently being made in these areas as a consequence of the develop- 
ments we have just described. 

The phenomenon of sputtering was analyzed recently in terms of a 
unified theory .29 Sputtering is the physical ablation of a target by im- 
pinging swift ions. Since its discovery some hundred years ago, an enor- 
mous body of observations has been amassed, but only recent data were 
collected under experimental conditions sufficiently well-defined to invite 
a comprehensive analysis of the underlying processes leading to sputtering. 
One defines as the sputtering yield Y(E1) the number of target atoms 
sputtered from surface per impinging particle of a given energy E;. Now, 
the sputtering yield must be proportional to the number of atoms dislodged 
in the target by the primary particle; if the mean energy necessary to 
displace an atom is U, then this number is ~E1/U, as long as losses to 
electronic excitations stay small. Also, Y(E,) must be proportional to 
an essentially universal function Y*(x) of a reduced variable x, which 
accounts for the probability that a primary event of energy transfer be- 
tween the incoming ion and a target atom happens, and the probability 
that the ensuing cascade of displaced atoms reaches the surface. It turns 
out that an appropriate variable is 
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x = €/A,Cy9(de/dp), 


wheree is given by Equation 7, (de/dp)n the nuclear stopping power 
shown in FIGURE 9, and Cj9 is a scaling constant, typically of order unity. 
The reduced characteristic lengthA 9 gauges the extension of the displace- 
ment cascades. The function Y*(x) is plotted in FIGURE 12 and compared 
with sputtering yields as measured with ions of Ne, Ar, Kr, and Xe im- 
pinging on targets of Cu, Pd, and Ag. The data span ion energies from 100 
ev to 200 kev and sputtering yields from 0.4 to 40 atoms/ion. Since the 
electronic excitations do not contribute to sputtering, a sputtering ‘‘defect’’ 
appears at the higher energies which depends directly on the constant k of 
Equation 9, 

One should hope that more related phenomena can be Studied in this. 
manner, so that one may systematize and predict trends in the seemingly 
‘unmanageable multitude of radiation effects for all conceivable ion-target 
combinations through the salient features of the primary mechanisms. 
New effects are then likely to emerge as deviations from such unified 
formulations. A shining example is the recent discovery of the channeling 
of swift ions in targets composed of single crystals. Rather than being 
held up by themselves, such phenomena are compared profitably and 
gauged fairly only when viewed in a frame of reference which reflects the 
similitude in the underlying atomic processes. 
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‘‘Pressure-Flow Events during Wind Instrument Playing’’ — A. 
Bouhuys, Yale University School of Medicine, New Haven, Conn. 
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After-Dinner Address — ‘‘How Singers Think They Sing’’ — Adrienne 
Auerswald, Smith College, Northampton, Mass. 
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“Effect of Gas Density on Speech Production’? — W. Wathen-Dunn, 
Air Force Cambridge Research Laboratories, Bedford, Mass. 


Discussant: 
H. Hollien, University of Florida, Gainesville, Fla. 


12:30 P.M.— 


Luncheon 


2:00 P.M.— 
PANEL DISCUSSION 


Moderator: A. Bouhuys 
Yale University School of Medicine 
New Haven, Conn. 


Discussants: 

E. J. M. Campbell, Postgraduate Medical School, London, England. 

J. A. Kirchner, Yale University School of Medicine, New Haven, 
Conn. ; 

P. Ladefoged, University of California, Los Angeles, Calif. 
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Albert Einstein College of Medicine 
Bronx, Nis: 


PROGRAM 
MONDAY, NOVEMBER 21, 1966 


Session Chairman: Theodore Gillman 
Institute of Animal Physiology 
Babraham, Cambridge, England 


9:00 A.M.— 

Greetings from the Academy — Herman Cohen, Chairman, Section 
of Biological and Medical Sciences, The New York Academy of 
Sciences, New York, N.Y.; Princeton Laboratories, Inc., Princeton, 
pa 


Introductory Remarks — ‘‘Atherosclerosis: A Multi-Faceted Chal- 
lenge’’ — Henry Haimovici, Montefiore Hospital and Medical Center 
and Albert Einstein College of Medicine, Bronx, N. Y. 


ROLE OF THE ARTERIAL WALL IN ATHEROGENESIS 


‘“‘The Developing Mouse Aorta: A Chemical, Light and Electron 
Study with Some Reference to the Effects of Nitriles’’ — Forest W. 
Fyfe, Dalhousie University, Nova Scotia, Canada, Theodore Gillman, 
Institute of Animal Physiology, Babraham, Cambridge, England, 
and Irving B. Oneson, Ethicon, Inc., Somerville, N. Ts 


‘“‘Physical-Chemical Changes in Blood Vessel Wall and Vascular 
Grafts in Atherosclerosis’? — Philip N. Sawyer, Downstate Medical 
Center, State University of New York, Brooklyn, N. Y. 
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‘“‘Chemical Studies on the Arterial Wall in Relation to Atheroscle- 
rosis’’ — Sv. Bertelsen, University of Copenhagen, Denmark. 


‘‘Metabolism of Arterial Wall and its Relation to Atherosclerosis’’— 
Nelicia Maier, Montefiore Hospital and Medical Center, Bronx, N.Y. 


“Histochemistry of the Development of Atherosclerosis’’ — Maurice 
Sandler and Geoffrey Bourne, Yerkes Regional Primate Center, 
Emory University, Atlanta, Ga. 


““Slide Histochemistry of Enzyme Activity in Normal and Athero- 
sclerotic Canine Aorta’’ — Lucien J. Rubinstein, Stanford Univer- 
sity School of Medicine, Palo Alto, Calif., Nelicia Maier and Henry 
Haimovici, Montefiore Hospital and Medical Center, Bronx, N. Y. 


“‘Vascular Enzyme Activities and Susceptibility of Arteries to Ath- 
erosclerosis’’ — T. Zempleny, O. Mrhova, D. Urbanova and M. Kohout, 


Institute for Cardiovascular Research, Prague, Czechoslovakia. 


General Discussion 


12:30 P.M.— 


Luncheon 
ATHEROSCLEROTIC PLAQUE 
Session Chairman: Gardner C. MacMillan 
McGill University 
Montreal, Quebec, Canada 
2:00 P.M.— 


“Preliminary Experience with Mitotic Activity of Cellular Elements 
in the Atherosclerotic Plaques of Cholesterol-fed Rabbits Studied 
by Labelling with Tritiated Thymidine’’ — Gardner C. MacMillan, 
McGill University Pathological Institute, Montreal, Quebec, Canada. 


‘Cholesterol Flux in the Atherosclerotic Plaque’’ — Donald B. 
Zilversmit, Graduate School of Nutrition, Cornell University, Ithaca, 
Nie Ye 


“Role of Lipoproteins in the Formation of Atherosclerotic Plaque’’— 
Harvey Watts, Temple University Medical School, Philadelphia, Pa. 


‘On the Possible Roles of Arterial Growth, Re-modelling and In- 
volution in the Genesis of Arterial Degeneration’? — Theodore 


Conferences Held 237 


Gillman, Institute of Animal Physiology, Babraham, Cambridge, 
England. 


“Significance of Calcified Atherosclerotic Lesions’’ — Douglas A. 
Eggen, Louisiana State University School of Medicine, New Orleans, 
La. 


General Discussion 


TUESDAY, NOVEMBER 22, 1966 
LIPIDS, HORMONES AND ATHEROGENESIS 


Session Chairman: Robert H. Furman 
Oklahoma Medical Research Foundation 
Oklahoma City, Okla. 


9:00 A.M.— 
“The Transport and Utilization of Unesterified Fatty Acids’’ — 
Arthur A. Spector, National Heart Institute, Bethesda, Md. 


‘The Control of Lipid Biosynthesis in Liver Particles’’ — Benyamin 
Shapiro, The Hebrew University-Hadassah Medical School, Jerusalem. 


“Tsolation and Characterization of Human Chyle Chylomicrons and 
Lipoproteins’’ — P. Alaupovic, Oklahoma Medical Research Foun- 
dation, Oklahoma City, Okla. 


‘“‘The Influence of Dietary Cholesterol on Cholesterol Metabolism 
in the Primate’’ — Jean D. Wilson, Southwestern Medical School, 
University of Texas, Dallas, Tex. 


‘Are Gonadal Hormones of Significance in the Development of Is- 
chemic Heart Disease?’’ — Robert H. Furman, Oklahoma Medical 
Research Foundation, Oklahoma City, Okla. 


“Hormonal Factors in Cholesterol Metabolism’’ — G. S. Boyd, The 
University of Edinburgh Medical School, Edinburgh, Scotland. 


“The Relation of Microangiopathies to Arteriosclerosis, with Spe- 
cial Reference to Diabetes’? — Herman T. Blumenthal, Veterans 


Administration Hospital, St. Louis, Mo. 


General Discussion 
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12:30 P.M.— 


Luncheon 
PATHOGENESIS 


Session Cochairmen: D. K. Detweiler 
School of Veterinary Medicine, University of Pennsylvania 
Philadelphia, Pa. 
and 
Donald B. Zilversmit 
Graduate School of Nutrition, Cornell University 
Ithaca, N. Y. 

2:00 P.M.— 

‘fRole of Diet from the Standpoint of the Thrombogenic Theory of 
Atherogenesis, with Emphasis on Polyunsaturated Fats and Ceroid 
Formation’? — W. Stanley Hartroft, The Hospital for Sick Children, 
University of Toronto, Toronto, Canada. 


“The Role of Thrombogenic Factors’? — J. F. Mustard, Blood and 
Vascular Disease Research Unit, University of Toronto, Toronto, 
Canada. 


‘‘The Genetic Determination of Coronary Artery Patterns: A Pos- 
sible Factor in Atherogenesis’’ — Colin M. Bloor and Arthur S. Leon, 
Walter Reed Army Institute of Research, Washington, D. C. 


“‘Embryological Aspects of Atherogenesis’’ — F. Dalith, Tel-Aviv 
University Medical School, Tel-Aviv, Israel. 


General Discussion 


ATHEROSCLEROSIS IN ANIMALS 


*‘The Significance of Naturally-Occurring Coronary and Cerebral 
Arterial Disease in Animals’’ — D. K. Detweiler, H. L. Ratcliffe, 
and H. Luginbuhl, University of Pennsylvania, School of Veterinary 
Medicine, Philadelphia, Pa. 


‘‘Naturally Occurring and Experimental Arterial Lesions in Pri- 
mates’? — Jack P. Strong, Louisiana State University School of 
Medicine, New Orleans, La. 


‘‘Experimental Cerebral Atherosclerosis in Dogs’? — Jan Belza, 
Lucien J. Rubinstein, Stanford University School of Medicine, Palo 
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Alto, Calif., Nelicia Maier and Henry Haimovici, Montefiore Hos- 
pital and Medical Center, Bronx, N. Y. 


General Discussion 
WEDNESDAY, NOVEMBER 23, 1966 
ATHEROSCLEROSIS: PATHOLOGIST’S VIEWPOINT 


Session Chairman: Robert W. Wissler 
The University of Chicago School of Medicine 
Chicago, Ill. 


9:00 A.M.— 

‘‘Experimental Models of Human Atherosclerosis’’ — Robert W. 
Wissler, The University of Chicago School of Medicine, Chicago, 
ait. 


‘‘Geographic Pathology of Atherosclerosis’? — Henry C. McGill, 
Jr., Louisiana State University School of Medicine, New Orleans, 
La. 


“Occlusive Coronary Artery Disease as a Cause of Unexpected 
Death in Apparently Healthy Persons’’ — Milton Helpern, New York 
University School of Medicine, New York, N. Y. 


“The Pathology of the Intramyocardial Arteries and Arterioles’’ — 
Henry Ungar, The Hebrew University-Hadassah Medical School, 
Jerusalem, Israel. 


‘Human Pancreatic Atherosclerosis’? — O. J. Pollak, Dover Medi- 
cal Research Center, East Dover, Del. 


“Incidence of Atherosclerosis in the Pulmonary and Major Abdom- 
inal Visceral Arteries’? — Seymour Glagov, The University of Chi- 
cago School of Medicine, Chicago, Ill. 


“Atherosclerosis of Intracranial and Extracranial Arteries’’ — Lars 
A. Solberg, Louisiana State University School of Medicine, New 
Orleans, La., John Moossy, University of Pittsburgh School of Med- 
icine, Pittsburgh, Pa., Paul McGarry and Henry C. McGill, Jr., 
Louisiana State University School of Medicine, New Orleans, La. 


General Discussion 
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12:30 P.M.- 


Luncheon 


HUMAN ATHEROSCLEROSIS: VASCULAR SURGEON’S VIEWPOINT 


Session Chairman: Michael E. DeBakey 
Baylor University College of Medicine 
Houston, Tex. 


2:00 P.M.— 
“Patterns of Atherosclerotic Aortic Disease’’ — Michael E. De- 
Bakey, Baylor University College of Medicine, Houston, Tex. 


“Patterns of Atherosclerosis of Extracranial Cerebral Arteries’’ — 
Allan D. Callow and Ralph A. Deterling, Jr., Tufts University School 
of Medicine, Boston, Mass. 


‘‘A therosclerotic Plaques and Aneurysms of the Renal Artery: Nat- 
ural History of its Surgical Pathology’? — Eugene F. Poutasse, 
Norfolk Medical Center, Norfolk, Va. 


“Patterns of Atherosclerotic Peripheral Arteries’? — Henry Haimo- 
vici, Montefiore Hospital and Medical Center, Bronx, N. Y. 


General Discussion 
CURRENT CONCEPTS OF MANAGEMENT 


Session Chairman: Henry Haimovici 
Montefiore Hospital and Medical Center 
Bronx, N.Y. 


‘‘Experience with a Long Term Program to Prevent Premature Clin- 
ical Atherosclerotic Disease’’ — Jeremiah Stamler, Chicago Health 
Research Foundation, Chicago, Ill. 


‘“‘The Prophylaxis of Coronary Heart Disease, Stroke and Peripheral 
Atherosclerosis’? — Thomas R. Dawber, Boston University Medical 
Center, Boston, Mass. 


“The Use of Pharmacologic Agents in Atherosclerosis Therapy’’ — 
David Kritchevsky, School of Veterinary Medicine, University of 
Pennsylvania, Philadelphia, Pa. 
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**Surgical Approach to Therapy’? — Michael E. DeBakey, Baylor 
University College of Medicine, Houston, Tex. 


General Discussion 


SUMMARY OF CONFERENCE — Henry Haimovici, Montefiore Hos- 
pital and Medical Center and Albert Einstein College of Medicine, 
Bronx.eNeb ys 


ORGANIZING COMMITTEE 


Henry Haimovici — Montefiore Hospital and Medical Center and 
Albert Einstein College of Medicine, Bronx, N. Y. 

Michael E. DeBakey — Baylor University College of Medicine, 
Houston, Tex. 


Robert H. Furman — Oklahoma Medical Research Foundation, Okla- 


homa City, Okla. 
Theodore Gillman — Institute of Animal Physiology, Babraham, 


Cambridge, England. 
Robert W. Wissler — The University of Chicago School of Medicine, 


Chicago, 111; 
Donald B. Zilversmit — Graduate School of Nutrition, Cornell Uni- 


versity, Ithaca, N. Y. 
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Bernard G. Steinetz, Jr. 
Vice-Chairman 


Herman Cohen 
Chairman 


NEW MEMBERS 
Elected October 27, 1966 
LIFE 


Da Fonseca, Jose L. Simoes, M.D., Psychiatry, Psychology, Neurophysiology, 
Cybernetics. Visiting Scientist, Neurophysiology Group, Res. Lab. of Electronics, 
MIT Assist. of Psychiatry, Faculty of Medicine, University of Lisbon, Head of 
Neurophysiology Dept., Centro de Estudos Egas Moniz, Lisbon, Portugal. 

Doolittle, Howard Daniel, Ph.D., Physics. Director of Technology, The Machlett 
Laboratories, Inc., Stamford, Conn. 

Hultin, Eskill, Ph.D., Physical Biochemistry, Natural Products (Chemistry). Re- 
search Docent, University of Stockholm, Sweden; Lecturer, University of Cali- 
fornia, Los Angeles, Calif. 


SUSTAINING 


Young, Frank B., M.S., Biochemistry, Microbiology, Virology, Nutrition. Sales 
Manager, Life Science Divisions, North American Mogul Products Co., Cleve- 
land, Ohio. 


ACTIVE* 


Adams, Paul R., B.S., Aerial Navigation, Medical Electronics, Oceanography, 
Computers. Director of Research & Advanced Development, ITT Corp., New 
York, NOY; 

Angyan, Andre V., Ph.D., Neurophysiology. Neurophysiological Research Physician, 
New York, N. Y. 

Atkinson, Glenn F., Ph.D., Applications of Statistics to Biological Research. Agri- 
cultural Statistician, Food & Agriculture, Organization of the United Nations, 
Quito, Ecuador. 

Auyong, Theodore, Ph.D., Pharmacology. Assistant Professor of Pharmacology, 
University of North Dakota, Grand Forks, N. D. 

Bachand, Romeo T., Jr., B.S., Pharmacology. Graduate Student, Marquette Uni- 
versity School of Medicine, Milwaukee, Wis. 

Balaban, Alexandru T., D.S., Organic Chemistry, Isotopes. Professor, Polytechnical 
University Bucharest and Head, Laboratory for Labelled Organic Compounds, 
Institute of Atomic Physics, Bucharest, Romania. 

Balagura, Saul, Ph.D., Physiological Psychology-Hunger Regulation. Graduate 
Student, Princeton University, Princeton, N. J. 

Balakrishnan, A. V., Ph.D., Engineering. Professor of Engineering, University of 
California, Los Angeles, Calif. 

Ball, Frank J., Ph.D., Pulp & Paper Production & Byproducts. Director, Charleston 
Research Laboratory, West Virginia Pulp & Paper Co., North Charleston, S. C. 

Banerji, Ranan Bihari, Ph.D., Computer Sciences. Associate Professor of Engi- 
neering; at present on a year's leave of absence as Consultant to R.C.A. Labora- 
tories, Princeton, N. J. 

Baram, Peter, Ph.D., Immunology. Director, Allergy Research, Michael Reese 
Hospital, Chicago, Il. 

Barany, James W., Ph.D., Industrial Engineering. Associate Professor, Industrial 
Engineering, Purdue University, Lafayette, Ind. 

Barbaro, John F., Ph.D., Immunochemistry. Assistant Chief, Dept. of Immono- 
chemistry, WRAIR, Walter Reed Army Medical Center, Bethesda, Md. 

Baron, Jeffrey, B.S., Biochemical Pharmacology. Research Fellow at University 
of Michigan, leading to doctorate degree in Pharmacology, Ann Arbor, Mich. 


* See also supplemental alphabetical list following this one. 
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Barone, Bruno James, B.A., Petrochemicals. Oxidation Research. Research 
Chemist, Houston, Tex. 

Barut, A. O., Dr.Se., Theoretical Physics; Elementary Particles. Professor of 
Physics, Boulder, Colo. 

Baum, Harry, Ph.D., Pastoral Counselling, Existential Therapy. Assistant Pro- 
fessor of Psychology, Aroostook State College, Presque Isle, Me. 

Beamer, Robert Lewis, Ph.D., Pharmaceutical Chemistry, Biochemistry. Associate 
Professor of Pharmaceutical Chemistry, University of South Carolina, Columbia, 
Ss Cs 

Becken, Eugene D., B.S., International Communications. Vice-President and Chief 
Engineer, R.C.A. Communications, Inc., New York, N. Y. 

Beer, Michael, Ph.D., Structure of Macromolecules and its Application to Biology. 
Professor of Biophysics, The Johns Hopkins University, Baltimore, Md. 

Beetham, William Parkes, Jr., M.D., Rheumatology and Arthritis. Physician, 
Dept. of Internal Medicine, Lahey Clinic Foundation, Boston, Mass. 

Behara, M., D.Sc., Mathematical Statistics. Assistant Professor Mathematics, 
University of Waterloo, Ont., Canada. 

Behbehani, Abbas M., Ph.D., The epidemiology, etiology and Laboratory diagnosis 
of human viral diseases. Associate Professor (Senior Research Associate), 
University of Kansas Medical Center, Kansas City, Kans. 

Beightler, Charles Sprague, Ph.D., Industrial Engineering. Operations Research, 
Associate Professor, Mechanical Engineering, University of Texas, Austin, Tex. 

Beitz, Richard C., B.A., High Speed Spectroscopy. Vice-President-General Man- 
ager, Instrument Division, Barnes Engineering Co., New Canaan, Conn. 

Bell, E. R., A.B., Chemical Research. Research Supervisor, Shell Development 
Co., Emeryville, Calif. 

Belman, Sidney, Ph.D., Biochemistry. Assistant Professor of Environmental 
Medicine, New York University Medical Center, New York, N. Y. 

Benda, William Kent, M.A,, 1)Recent Ostracoda & Foraminifera, 2)Recent Marine 
Sediments. Land Analyst, Dept. of Land & Natural Resources, State of Hawaii, 
Honolulu, Hawaii. 

Benedict, Chauncey R., Ph.D., Biochemistry. Assistant Professor Biochemistry, 
Wayne State University, Detroit, Mich. 

Benger, Hans, Ph.D., Microbiology, Hygiene. Head, Dept. of Hygiene, University 
of Innsbruck, Innsbruck, Austria. 

Ben-Menahem, Ari, Ph.D., Geophysics. Associate Professor, Weitzmann Institute 
of Science, Rehovoth, Israel. 

Bennett, E. O., Ph.D., Bacteriology. Professor & Chairman of the Dept. of Biology, 
University of Houston, Houston, Tex. 

Bennett, William S., Ph.D., Operations Research. Senior Operations Analyst, 
Stanford Research Institute, Menlo Park, Calif. 

Bennion, Marion, Ph.D., Food Science & Nutrition. Chairman of Dept. & Professor 
of Food and Nutrition, Brigham Young University, Provo, Utah. 

Benson, Ellis S., M.D., Muscle Chemistry & Structure. Professor of Laboratory 
Medicine & Biochemistry; Chairman, Dept. of Laboratory Medicine, University 
of Minnesota Medical School, St. Paul, Minn. 

Benson, Frederic R., Ph.D., Organic Chemistry, Information Research. Manager, 
Research Information, Atlas Chemical Industries, Wilmington, Del. 

Benson, Philip Francis, D.Ch., Medicine & Biochemistry. Senior Lecturer in 
Biochemistry, Paediatric Research Unit, Guy's Hospital Medical School, London, 
England. 

Benson, Walter R., M.D., Neoplasia, Growth, Cardiovas-Pulmonary Disease. As- 
sociate Professor, Pathology, University of North Carolina School of Medicine, 
Chapel Hill, N. C. 

Benson, Willard Raymond, M.S., Applied Mechanics. Chief, Engineering Sciences 
Laboratory, Picatinny Arsenal, Dover, N. J. 

Berg, Charles A., ScD., Continuum Mechanics & Physics of Materials. Associate 
Professor of Mechanical Engineering, M.I.T., Cambridge, Mass. 

Bergeron, John A., Ph.D., Biology. Research Biologist, General Electric Research 
& Development Center, Schenectady, N. Y. 

Bergman, Moe, Ed.D., Hearing & Deafness. Professor & Executive Officer, Ph.D. 
Program in Speech, City University of New York, New York, N, Y. 
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‘Bergren, William R., Ph.D., Bio-Organic Chemistry. Professor Biochemistry, 
University of Southern California, Los Angeles, Calif. 

Berman, Gerald, Ph.D., Mathematics. Instructor of Mathematics, University of 
Waterloo, Waterloo, Ont., Canada. 

Bernardis, Lee Livius, Ph.D., Neuroendocrinology. Research Assistant Professor, 
State University of New York at Buffalo, Buffalo, N. Y. 

Berney, Charles V., Ph.D., Molecular Spectroscopy. Assistant Professor of 
Chemistry, University of New Hampshire, Durham, N. H. 

Bernick, Sol, Ph.D., Calcification-Atherosclerosis. Professor of Anatomy, Dept. 
of Anatomy, University of Southern California School of Medicine, Los Angeles, 
Calif. 

Berry, Richard E., Ph.D., Solid State Physics. Chairman, Physics Dept., Indiana 
University, Indiana, Pa. 

Besic, F. C., D.D.S., Dentistry. Associate Professor of Dentistry, University of 
Chicago, Chicago, Ill. 

Besozzi, Alfio J., Ph.D., Organic Chemistry-Petrochemicals Catalysis. Senior 
Research Chemist, Houston, Tex. 

Bibeau, Armand A., Ph.D., Zoology. Professor of Biology, St. Anselmo's College, 
Manchester, N. H. 

Bickford, Lawrence R., Jr., Ph.D., Solid State Physics (magnetism). Manager, 
Chemistry & Materials Science Research, IBM Research Center, Ossining, Nig ¥2 

Bird, Joseph Francis, Ph.D., Theoretical Physics. Principal Staff Physicist at 
Applied Physics Laboratory, The Johns Hopkins University, Silver Spring, 
Md. 

Birum, Gail H., Ph.D., Organic Chemistry. Scientist, Monsanto Co., Kirkwood, 
Mo. 

Bischoff, Kenneth B., Ph.D., Bioengineering, Chemical Reaction Engineering. 
Associate Professor, Dept. of Chemical Engineering, University of Texas, 
Austin, Tex. 

Bisplinghoff, Raymond Lewis, Dr. Sci(Techn.), Solid & Fluid Mechanics, Aero- 
nautics & Space Research & Development. Professor & Head, Dept. of Aero- 
nautics & Astronautics, MIT, Cambridge, Mass. 

Black, John W., Ph.D., Experimental Phonetics (Psychology). Professor of Speech, 
Ohio State University, Columbus, Ohio. 

Black, Robert E. L., Ph.D., Developmental Biology, Biochemistry. Professor of 
Biology, College of William & Mary, Williamsburg, Va. 

Black, Ronald P., Ph.D., Nuclear Chemistry. Science-Government Policy Research, 
Staff position, Analytic Services, Inc., Falls Church, Va. 

Blair, Barbara Ann, Ph.D., Biochemistry. Assistant Professor of Chemistry and 
Chairman of the Chemistry Dept., Sweet Briar College, Sweet Briar, Va. 

Blatt, Frank J., Ph.D., Physics of Solids. Professor of Physics, Michigan State 
University, East Lansing, Mich. 

Broyde, Barret, Ph.D., Physical Chemistry. Chemist, Esso Research & Engineering 
Co., Linden, N. J. 

Burnstein, David, M.A., Experimental Analysis of Behavior. Assistant Professor, 
State University College at Potsdam, N. Y. 

Byron, Joseph W., Ph.D., Pharmacology-Haematology- Radiation Biology. Principal 
Research Scientist, Christie Hospital & Holt Radium Institute, Manchester, 
England. 

Chang, Thomas M. S., Ph.D., Membrane Physiology. Assistant Professor in 
Physiology, McGill University, Montreal, Canada. 

Cheek, Chandler S., B.S., Biochemistry. Chief, Analytic Laboratories Section, 
USAFSAM, Brooks AFB, Tex. 

Christophe, C. A., Ph.D., Economics. Professor of Economics, Normal, Ala. 

Clifford, Mary Ellen, M.D., Internal Medicine-Cardiology. Assistant Professor of 
Internal Medicine; University of Michigan, Ann Arbor, Mich. 

Cohen, Robert, M.D., Pathology. Hematologist, Lipid Standardization Laboratory, 
Communicable Disease Center, Atlanta, Ga. 

Cohen, Sanford N., M.D., Biochemical & Developmental Pharmacology. Instructor 
of Pharmacology, New York University Medical Center, New York, N, Y. 

Colelough, Norma V., M.S., Biological & Medical Sciences. Pharmacologist, Vick 
Divisions Research & Development, Mount Vernon, N. Y. 
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Constantinescu, Virgiliu N., D.E., Mechanics of Fluids, Lubrication. Head, Gas 
Lubrication Laboratory, Institute of Fluid Mechanics and Associate Professor 
of Aircraft Tech., Bucharest Polytechnic Institute, Bucharest, Romania. 

Cook, Edward Werner, Ph.D., Organic Chemistry. Senior Research Chemist, 
Pennsalt Chemicals Corp., King of Prussia, Pa. 

Davis, Earle A., Ph.D., Anatomy of Head and Neck; Neurophysiology. Lecturer in 
Anatomy, University of California College of Medicine, Los Angeles, Calif. 

De Feo, John J., Ph.D., Pharmacology. Professor, Dept. of Pharmacology, Uni- 
versity of Rhode Island, Kingston, R. I. 

De Groot, Ido, M.P.H., Epidemiology. Epidemiologist, U. S. Public Health Service, 
Cincinnati, Ohio. 

Demis, D. Joseph, M.D., Dermatology. Director, Division of Dermatology, Wash- 
ington University, St. Louis, Mo. : 

Dennis, Frank George, Jr., Ph.D., Plant Growth Regulations and Their Uses in 
Horticulture. Assistant Professor, Dept. of Pomology, N. Y. State Agriculture 
Experiment Station, Cornell University, Geneva, N. Y. 

Denny, John L., Ph.D., Mathematics, Statistics. Assistant Professor, Dept. of 
Mathematics, University of California, Riverside, Calif. 

Densen, Paul M., D.S., Biostatistics. Deputy Commissioner of Health, New York 
City Health Department, New York, N. Y. 

De Perez, Ana Quisqueya Sancez, Ph.D., Anthropology. Titular Professor of 
Anthropology, University of Santo Domingo, Dominican Republic. 

Deutch, Mike John, B.S., Vitamin Methodology. Division of Nutrition, Food & Drug 
Administration, Supervisory Biochemist, Washington, D.C. 

Devine, Leonard F., M.S., Neissevia Meningitidis. U.S. Navy MSC, Naval Medical 
Research Unit, U.S. Naval Hospital, Great Lakes, II. 

Dewhurst, Harold A., Ph.D., Physical Chemistry. Manager, General Chemistry 
Laboratory, General Electric Research & Development Center, Schenectady, N.Y. 

De Witt, James B., Ph.D., Biochemistry; sub-lethal effects of Toxicants. Toxi- 
cologist, Pesticides Review Staff, U.S. Dept. of Interior, Laurel, Md. 

Dick, Elliot C., Ph.D., Microbiology. Associate Professor, Dept. of Preventive 
Medicine, University of Wisconsin, Madison, Wis. 

Dickson, Arthur David, B.A.O., Physiology of Reproduction. Associate Professor of 
Anatomy, University of Western Ontario, London, Ont., Canada. 

Dillaway, R. D., Ph.D., Fluid Mechanics, Heat Transfer, Biomedical Engineering. 
Senior Program Marketing Executive, North American Aviation, Inc., El] Segundo, 
Calif. 

Dingell, James V., Ph.D., Biochemical Pharmacology. Assistant Professor of 
Pharmacology, Vanderbilt University School of Medicine, Nashville, Tenn. 

Doede, John H., Ph.D., Particle Physics, Computer Applications & Development. 
Manager of Programming, Manager of Product Planning & Development, Emr 
Computer Division, Minneapolis, Minn. 

Doege, Theodore Charles, M.D., Preventive Medicine, Epidemiology, Pediatrics. 
Assistant Professor, Department of Preventive Medicine, University of Wash- 
ington School of Medicine, Seattle, Wash. 

Dolin, Richard, M.A.-E.E., Communications Systems; Reconnaissance Systems. 
Associate Professor, Engineering Science, Hofstra University, Hempstead, N.Y. 

Donaldson, James A., M.D., Biological & Medical Sciences. Professor & Chairman, 
Department of Otolaryngology, University of Washington, Seattle, Wash. 

Donikian, Mare R., M.D., Biological & Medical Sciences. Head of Hematology & 
Clinical Chemistry of Pathology Dept., Sterling-Winthrop Res. Inst., Rensselaer, 
Ne Y% 

Donohue, John A., Ph.D., Chemistry. Research Chemist, American Oil Company, 
Chicago, Ill. 

Dornseifer, Theodore P., Ph.D., Flavor Chemistry. Head Food Technologist, 
Middletown, N. Y. 

Dougherty, Harry W., Ph.D., Biochemistry. Senior Biochemist, Dept. of Bio- 
chemistry, Merck & Co., Rahway, N, J. 

Douglas, Carlos Roberto, M.D., Pathology, Experimental Atherosclerosis. As- 
sociate Professor of Experimental Medicine, School of Medicine, University of 
Chile; Professor of General Pathology, School of Pharmacy, University of Chile, 
Santiago, Chile. 
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Draves, Carl Z., Ph.D., Surface Active Agents, Color Textile Chemistry. Retired, 
New Hyde Park, N. Y. ; 

Dressler, Donald P., M.D., Thermal Injuries. Major, USAF Res. Wing Surgeon, 
94th Troop Carrier Wing, Hanscom Field, Bedford, Mass. 

Dukes, Peter P., Ph.D., Biochemistry-Mechanism of Hormone Action. Research 
Associate-Assistant Professor, Argonne Cancer Research Hospital, Dept. of Bio- 
chemistry, University of Chicago, Chicago, IIl. 

Dunbar, Hugh J., B.S., Computer Sciences, Cybernetics. Chiefof Computer Sciences, 
Veterans Administration Hospital, West Haven, Conn. 

Duncan, Bettie, Ph.D., Microbiology. Assistant Professor of Microbiology, Dept. 
of Biological Sciences, Kansas State College, Pittsburg, Kans. 

Ellis, Hanni Levi, M.S., Chemistry, Medicine & Communication. Vice-President, 
Berlin Laboratories, Inc., New York, N. Y. 

Eriz, Luis Orlando Burzio, B.S., Biochemistry. Professor, Facultad de Medicina, 
Universidad Austral, Valdivia, Chile. 

Evans, Richard T., Ph.D., Microbiology & Immunology. Assistant Professor of 
Oral Biology, State University of New York, Buffalo School of Dentistry, Buffalo, 
INGLY; 

Fausto, Nelson, M.D., Biochemical Pathology. Assistant Professor of Medical 
Science, Brown University, Providence, R.I. 

Fleischman, Alan Isidore, Ph.D., Lipid Biochemistry-Heart Disease. Supervising 
Biochemist Atherosclerosis, Research Scientist, New Jersey State Dept. of 
Health, Montclair, N, J. 

Folsome, Clair E., Ph.D., Microbial Genetics. Associate Professor of Microbiology 
and Director of Biology Curricula, University of Hawaii, Honolulu, Hawaii. 

Fox, Hernon, H., M.A., Microbiology-Mycoplasmas. Microbiologist in National 
Institute of Allergy & Infectious Diseases, National Institutes of Health, Bethesda, 
Md. 

Fourt, Lyman, Ph.D., Biophysics. Assistant Director of Research, Harris Research 
Laboratories, Inc., Washington, D, C. 

Fridman, Ada, M.D., Medical & Biological Sciences. Medical Consultant & Senior 
Editor, New York, N. Y. 

Garbini, Jorge Juan, M.D., Medicine & Surgery. Surgeon, Clinica Central, Bolivar- 
Pcia BS-AS, Argentina. 

Gardner, Edward, Jr., Ph.D., Immunology, Microbiology, Hematology.. Associate 
Professor, Medical College of Georgia, Augusta, Ga. 

Geks, Franz F., D.M., Pharmacology & Bacteriology. Head of Sales Department, 
Farben- Fabriken Bayer, Leverkusen, Germany. 

George, William J., B.S., Biochemical Pharmacology. Research Fellow University 
of Michigan leading to Doctorate Degree in Pharmacology, Ann Arbor, Mich. 

Gerlach, Eckehart, M.D., Cell Physiology, Energy Metabolism. Chairman of 
Physiology, Faculty of Medicine, Technical University of Aachen, Freiburg’, 
Germany. 

Gerloff, Martin, Ph.D., Aero-Space Systems Design. Chief Scientist, Devon, Pa. 

Gilmour, Douglas G., Ph.D., Biochemical & Immuno-Genetics. Senior Research 
Scientist, N.Y.U. Medical Center, New York, N. Y. 

Goldiner, Marvin A., M.D., Endocrinology. Instructor, N.Y.U. School of Medicine, 
New York, N. Y. 

Goodman, Jay Irwin, B.S., Pharmacology. Graduate Student, Dept. of Pharmacology, 
University of Michigan, Ann Arbor, Mich. 

Gotta, Hector Cesar, M.D., Radiology. Assistant Doctor of Radiology, Municipal 
Hospital G. Rawson, Buenos Aires, Argentina. 

Green, Morris Nathan, Ph.D., Biochemistry, Microbiology. Res. Associate, Chief 
Electrophoresis, Childrens Hospital Medical Center, Boston, Mass. 

Greenwald, Edward S., M.D., Cancer Chemotherapy. Adjunct Attending Physician, 
Neoplastic Division, Montefiore Hospital, Bronx, N. Y. 

Gries, Gunter, M.D., Connective Tissue, Endocrinology. Chief of Internal Division 
& Head of Laboratory, Knappschaftskrankenhaus, Recklinghausen, Germany. 

Harper, Laurence Hueston, Ph.D., Mathematics. Assistant Professor, Rockefeller 
University, New York, N. Y. 

Henderson, Maureen, Ph.D., Epidemiology of Chronic Diseases. Associate Pro- 
fessor of Preventive Medicine, University of Maryland School of Medicine, 
College Park, Md. 
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Heydinger, David K., M.D., Transplantation. Private practice of Surgery, Associate 
Professor of Clinical Surgery, Ohio State University School of Medicine, Colum- 
bus, Ohio. 

Hoffman, Erik Rolf, Analytic Chemistry. Manager, Analytic Chemistry Dept., 
Ethicon, Inc., Somerville, N. J. 

Hook, Edward Watson, M.D., Infectious Disease. Professor of Medicine, Cornell 
University Medical College, The New York Hospital, New York, N. Y. 

Hunter, Diane B., B.A., Genetics. Microbiologist, U.S. Naval Applied Science 
Laboratory, Brooklyn, N. Y. 

Jacobson, Herbert, Ph.D., Mechanism of Estrogen Action. Associate Professor 
Biochemistry, Albany Medical College, Albany, N. Y. 

Jaffin, Moira, B.S., Geology, Oceanography & Planetary Sciences. Per-Diem 
Teacher, Board of Education, New York, N. Y. 

Jahn, Edwin C., Ph.D., Chemistry of Wood, Forest Chemistry, Organic Chemistry. 
Professor of Forest Chemistry, Associate Dean for Physical Sciences & Re- 
search, State University College of Forestry, Syracuse, N. Y. 

Kaiser, June E., B.S., Microbiology. Graduate Student at Cornell Medical College, 
New York, N. Y. 

Kanwisher, Elmer R., M.S., Biomagnetism & Neurophysiology. Instructor in 
Physiology, Indianapolis, Ind. 

Kirchenmayer, Anton, Dr.-Ing., Nuclear Reactors. Manager of Reactor Development, 
Grosswelzheim- Main, Germany. 

Kiser, Donald L., Ph.D., Chemistry, Analytical. Analytical Chemist, Grain 
Processing Corporation, Muscatine, Iowa. 

Knight, Roger D., M.S., Microbiology. Senior Q.C. Engineer, Martin Company, 
Denver, Colo. 

Lannon, James H., A.B., Microbiology. Manager, Microbiology Control Dept., 
Bristol Laboratories, Syracuse, N. Y. 

Larson, Duane L., M.D., Burns & Lymphatics. Chief Surgeon, Shriners Burns 
Institute, Galveston, Tex. 

Lasker, Sigmund E., Ph.D., Physical Chemistry-Molecular Pharmacology. As- 
sistant Professor of Biophysics, New York Medical College, New York, N. Y. 

Levin, Gilbert V., Ph.D., Exobiology, Sanitary Microbiology, Bacteria Detection. 
Director, Life Systems Division, Hazleton Laboratories, Inc., Chevy Chase, 
Md. 

Lintas, Luigi, Ph.D., Agriculture, Agronomy. Chief, Agricultural Production, 
Dept. of Agriculture & Forestry, Government of the Republic of Italy, Rome, 
Italy. 

Loery, William H., M.D., Pathology; Entomology. Associate Pathologist, Princeton 
Hospital, Princeton, N. J. 

Look, Jared Jay, Ph.D., Psychology. Research Scientist, Bureau of Research in 
Neurology and Psychiatry, Piscataway, N. J. 

Louw, Gideon, Ph.D., Zoology (Comparative Endocrinology). Associate Professor, 
West Virginia University, Morgantown, W. Va. 

Macher, R. Egon, M.D., Dermatology, Immunology. Assistant Professor, The 
Rockefeller University, New York, N. Y. 

Mammen, Eberhard F., M.D., Physiology & Pathology of Hemostasis. Associate 
Professor of Physiology and Pharmacology, Wayne State University School of 
Medicine, Detroit, Mich. 

Maturo, Marino Joseph, M.D., General Medicine. Resident Physician, General 
Medicine, Southern Maryland General Hospital, Clinton, Md. and Brandywine 
Waldorf Medical Clinic, Brandywine, Md. 

Mauer, Irving, Ph.D., Medical Genetics. Senior Research Scientist, Willowbrook 
State School, Staten Island, N. Y. 

Mayer, Richard F., M.D., Neurology-Clinical Neurophysiology. Associate Professor, 
University of Maryland School of Medicine, Baltimore, Md. 

Meyer, Paul R., Ph.D., Mathematics. Assistant Professor, Hunter College, New 
WorkeN: ¥. 

Morawetz, Ferdinand, M.D., Clinical Cytology, Pulmonary Pathology, Collagen 
Diseases, Pulmonary Diseases. Associate Professor II, Medical Department, 
Wilhelminenspital, Vienna, Austria. 
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Morgado, Fernando T., M.D., Tissue & Organs Transplantation. Associated Re- 
search University of Chile, Santiago, Chile. 

Morgan, Bruce Henry, Ph.D., Microbiology of Foods. Director of New Products 
Research, Continental Can Co., Chicago, Ill. 

Myint-U, Tyn, Ph.D., Mathematics. Assistant Professor of Mathematics, Bronx, 
Nev: 

Nakazawa, Masao, Ph.D., Pharmacology, Oncology, Teratology, Toxicology. Chief, 
Dept. of Pharmacology, Taisho Pharmaceutical Co., Ltd., Tokyo, Japan. 

Neale, Nancy Lee, M.S., Immunology. Pre-Doctoral Fellow, Dept. of Microbiology, 
Temple University Medical School, Philadelphia, Pa. 

Neill, Raymond, M.D., Medicine. Anaesthesiologist, Lecturer, Faculty of Medicine, 
Queen's University, Kingston, Ont., Canada. 

Pav, Denise I., M.A., Tumor Transplantation. Instructor in Biology, East Tennessee 
State University, Johnson City, Tenn. 

Perritt, Alexander M., Ph.D., Microbiology. Senior Microbiologist, Wothington 
Biochemical Corp., Freehold, N. J. 

Radvany, Ruta, B.A., Microbiology. Graduate Student, Temple University, Phila- 
delphia, Pa. 

Rammler, David Hans, Ph.D., Nucleic Acid Biochemistry. Head, Dept. of Biochem- 
istry, Syntex Institute of Molecular Biology, Palo Alto, Calif. 

Rebers, Paul Armand, Ph.D., Inmunochemistry. Chemist-Project Leader, Nevada, 
Iowa. 

Rita, Antonio J. Ramalho Goncalves, Citologia, Histologia, Anatomia Patologica. 
Assistant Professor, Escola Superior de Medicina Veterinaria, Lisbon, Portugal. 

Robertson, Ralph D., M.D., Preservation of Viable Tissues and Organs. Instructor 
of Surgery, University of Oregon, School of Medicine, Portland, Ore. 

Roy, Albert J., M.A., Pathology. Research Associate in Pathology, Children's 
Cancer Research Foundation, Inc., Boston, Mass. 

Rubio, Fernando A., M.D., Hematology. Consulting Hematologist, Mease Hospital, 
Dunedin, Fla. 

Sasaki, Susumu, M.D., Hematology; Anticoagulants, Lymphocyte. Assistant Pro- 
fessor, Saskatoon, Sask., Canada. 

Schabtach, Gretchen, Ph.D., Physiological Psychology. Principal Research Scientist, 
Systems & Research Center, Honeywell, Inc., New Brighton, Minn. 

Schell, Klaus R., Ph.D., Tumor Virus Research. Virologist, Rockville, Md. 

Schneck, Daniel J., M.A., Biomedical Engineering. Research Associate, Dept. of 
Pathology, New York Medical College, New York, N. Y. 

Sellers, Peter H., Ph.D., Mathematics. Research Associate, The Rockefeller Uni- 
versity, New York, N. Y. 

Sepinwall, Jerry, Ph.D., Psycho-Pharmacology. Senior Pharmacologist, Hoffman- 
La Roche, Inc., Nutley, N. J. 

Shapiro, Menachem S., M.D., Internal Medicine — Neuromuscular Disease. Re- 
search Fellow-Maimonides Hospital, Brooklyn, N. Y. 

Silverman, Melvin, M.D., Medicine. Associate Research Scientist, School of Med- 
icine, New York University, New York, N. Y. 

Silverstein, Emanuel, Ph.D., Biochemistry, Molecular Biology. Assistant Pro- 
fessor of Medicine, State University of New York, Brooklyn, N. Y. 

Silverstone, Emanuel, B.S., Mathematics. Retired, New York, N. Y. 

Sklar, Jerome, B.A., Podiatry. Senior Student, Podiatry, Rego Park, N. Y. 

Smith, William E., Ph.D., Pharmaceutical Chemistry. Senior Pharmaceutical 
Chemist, Smith Kline & French Laboratories, Philadelphia, Pa. 

Sobel, Edna H., M.D., Pediatric Endocrinology. Associate Professor of Pediatrics, 
Albert Einstein College of Medicine, Bronx, N..-Y. 

Stehbens, William Ellis, M.D., Pathology, Cardiovascular Disease. Pathologist- 
in-Chief & Director of Laboratories of Jewish Hospital and Associate Professor 
in Pathology, Washington University of St. Louis, St. Louis, Mo. 

Taylor, Russell J., Ph.D., Biochemistry. Research Biochemist, Lederle Labora- 
tories, American Cyanamid Co., Pearl River, N. Y. 

Tocus, Edward C., Ph.D., Pharmacology. Research Associate, Pharmacology, 
Chicago, II. 

Ulrich, Valentin, Ph.D., Genetics-Antigens & Enzymes. Associate Professor of 
Genetics, West Virginia University, Morgantown, W. Va. 
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Unowsky, Joel, Ph.D., Microbiology, Molecular Biology. Senior Research Scientist, 
Hoffmann-La Roche, Nutley, N. J. 

Vasku, Jaromir, Research in Experimental Infections & Intoxications, Calciphylaxis, 
Cardiopathies. Professor of Pathophysiology & Director of the Institute of 
Pathophysicology, University of J.Ev. Purkinje, Brno, Czechoslovakia. 

Verly, Walter, Ph.D., Biochemistry. Professor & Chairman, Department of Bio- 
chemistry, University of Montreal, Montreal, Canada. 

Wang, Eli T., M.A., Immunochemistry. Research Associate, Evanston Hospital 
Association, Evanston, Ill. 

Wei, Stephen Hon Yin, M.D.S., Preventive & Children's Dentistry; Craniofacial 
Biology. Research Assistant, University of Illinois, Melrose Park, IIl. 

Weiss, Lawrence R. Ph.D., Pharmacology & Toxicology. Pharmacologist and 
Toxicologist, Food & Drug Administration, Washington, D. C. 

Wesley, Mary E., M.A., Carbohydrate Metabolism. Research Associate, Medical 
College of South Carolina, Charleston, S. C. 

Westlin, William F., M.D., Clinical Research. Senior Clinical Research Associate, 
CIBA Pharmaceutical Co., Summit, N. J. 

Williams, Jeannine C., M.D., Hematology. Assistant Head of Hematology, Morri- 
sania Hospital, Bronx, N. Y. 

Woodward, John M., Ph.D., Pathogenic Bacteriology & Immunology. Professor of 
Microbiology, University of Tennessee, Knoxville, Tenn. 

Zieve, Philip David, M.D., Hematology. Assistant Chief Physician, Baltimore City 
Hospitals, Instructor in Medicine, Johns Hopkins University, Baltimore, Md. 

Zorzi, Mario, Ph.D., Pathology & Forensic Medicine. Head, Institute of Pathology, 
Brescia, Italy. 

Zuckerman, Leon, B.S., Membrane Transport. Res. Associate, Northwestern Uni- 
versity, Research Biochemist, Evanston Hospital, Chicago, Ill. 

Zulli, Louis P., P.S.C., Podiatric Radiograph. Professor of Podiatry & Chairman 
of X-Ray Dept., Pennsylvania College of Podiatry, Philadelphia, Pa. 


ACTIVE* 


Abramson, Bernard, U. S. Vitamin & Pharmaceutical Corp., Yonkers, N. Y. 

Anderson, Robert Neil, Ph.D., Nuclear, Biological and Chemical Systems Effective- 
ness. Operations Research Analyst, U.S. Naval Radiological Defense Labora- 
tory, Palo Alto, Calif. 

Asen, Hans, M.D., Medicine. Practicing Physician, Berlin, Germany. 

Berman, Eleanor, Ph.D., Trace Metals in Biological Materials, Lead Poisoning. 
Toxicologist, Hektoen Institute of Cook County Hospital, Chicago, Ill. 

Bernard, Walter J., Ph.D.,- Fluorine Chemistry, Electrochemistry. Director, 
Passive Component Development, Williamstown, Mass. 

Bernhart, Alfred P. D.Sc., City Planning, Municipal Engineering. Associate Pro- 
fessor of Civil Engineering, University of Toronto, Toronto, Canada. 

Berrah, Ghoulem, Ph.D., Bacteriophages, Virology, Dissociation of Macromolecular 
Biosynthesis. Advisor to the Government of the Republic of the Ivory Coast 
(W.Africa), New York, N. Y. 

Berri, Manuel Phillip, Ph.D., Mathematics. Visiting Associate Professor, New 
Orleans, La. 

Berry, Guy C. Ph.D., Polymer Science. Senior Fellow, Mellon Institute, Pittsburgh, 
Pa. 

Beyer, Edgar H., Ph.D., Plant Breeding and Genetics. Research Director, Farm 
Seed Research Corp., San Juan Bautista, Calif. 

Biaglow, John Earl, Ph.D., Biochemical Controls Applied to Oncology. Assistant 
Professor of Biochemistry, Dept. of Radiology, Western Reserve University, 
Cleveland, Ohio. 

Bickley, Harmon C., Ph.D., Connective Tissue Disease, Connective Tissue Chem- 
istry. Assistant Professor of Pathology, University of Kentucky Medical Center, 


Lexington, Ky. 
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Bienstock, Daniel, M.S., Air Pollution. Project Coordinator, U.S. Bureau of Mines, 
Pittsburgh, Pa. 

Bingham, Robert L., Ph.D., Plasma Physics, Controlled Thermonuclear Fusion. 
Research Staff Member, General Electric Co., Schenectady, N. Y. 

Blaug, Seymour, Ph.D., Drug Interactions In vitro and In vivo. Professor of Phar- 
macy, University of Iowa, Iowa City, Iowa. 

Block, Jacob, Ph.D., Analytical Chemistry, Water Chemistry, Desalination. Re- 
search Chemist, W. R. Grace & Co., Clarksville, Md. 

Bloom, Jerome H., B.S., Physical Sciences. Research Scientist, Brookline, Mass. 

Bloom, Justin L., B.S., Radioisotope and Radiation Technology. Technical Assistant 
to Commissioner S. M. Nabcit, U. S. Atomic Energy Commission, Washington, 
Dac: 

Boak, Ruth, Ph.D., Infectious Diseases, Pediatrics. Professor of Medical Micro- 
biology and Pediatrics, University of California School of Medicine, Los Angeles, 
Calif. 

Bockelmann, John B., Ph.D., Brewing Fermentation and Food Additives. Technical 
Director, F. & M. Schaefer Brewing Co., Brooklyn, N. Y. 

Brown, Ashley M., B.S., Dentistry Medicine, Pathology. Assistant Professor, 
Oral Diagnosis, Fairleigh Dickinson University, Teaneck, N. J. 

Coyne, James J., M.D., Cardiology. Research Fellowship in Cardiology, London, 
England. 

De Repentigny, Jacques, Ph.D., Microbiology-Immunology- Biochemistry-Cytology. 
Professor, Dept. of Microbiology & Immunology, University of Montreal, 
Montreal, Canada. 

De Serres, Frederick J., Biology Division, Oak Ridge National Laboratory, Oak 
Ridge, Tenn. 

De Tray, Donald E., D.V.M., Foreign Animal Diseases. Regional Livestock Advisor 
(Veterinary), USAID-Nigeria, American Embassy, Lagos, Nigeria. 

Dickinson, David B., Ph.D., Plant Physiology. Assistant Professor of Plant 
Physiology, University of Illinois, Urbana, Il. 

Di Giulio, Armand, Sc.D., Metallurgy. Consulting Chemical Metallurgical Engineer, 
Ferndale, Mich. 

Dilgen, Sister Saint Francis, Ph.D., Organic Chemistry. Associate Professor of 
Chemistry, St. Joseph's College for Women, Brooklyn, N. Y. 

Dobben, Glen, M.D., Radiology. Associate Professor of Radiology, Chicago, IIl. 

Dobson, William J., Ph.D., Cytology, Vertebrate Morphology. Professor of Biology 
& Professional Counselor, Texas A & M University, College Station, Tex. 

Dolfini, Joseph E., Ph.D., Organic Chemistry, Synthetic. Seniro Research Chemist, 
Squibb Institute for Medical Research, New Brunswick, N. J. 

Dougall, Donald K., Ph.D., Regulation of Amino Acid Biosynthesis and Protein 
Synthesis in Plant Tissues. Assistant Professor, Ohio Agricultural Research 
& Development Center, Wooster, Ohio. 

Drossman, Melvyn Miles, M.E,E., Medical Engineering and Cybernetics. Research 
Associate, State University New York Downstate Medical Center, Brooklyn, 
INE: 

Gabrielescu, Elena, Ph.D., Histochemistry, Cell Biology. Senior Scientist, Institute 
of Physiology, Romanian Academy of Sciences, Bucharest, Romania. 

Giorgio, Anthony J., M.D., Clinical Pharmacology, Hematology. Research Associate, 
Clinical Division, CIBA Pharmaceutical Co., Summit, N. J. 

Gross, Herman, Research Chemist, Communicable Disease Center, Atlanta, Ga. 

Hauck, Fred P., Jr., Ph.D., Cardiovascular Diseases-Organic Chemistry. Senior 
Research Chemist, Squibb Institute for Medical Research, New Brunswick, N. J. 

Haimovici, Henry, M.D., Vascular Diseases. Clinical Professor of Surgery, Albert 
Einstein Medical College, Yeshiva University, New York, N. Y. 

Janssen, William C., M.D., Internal Medicine. Director, Clinical Research, Lake- 
side Laboratories, Milwaukee, Wis. 

Kern, Charles J., Ph.D., Physical Chemistry. Vice-President for Research & 
Development, Wyeth Laboratories, Philadelphia, Pa. 

Kraicer, Jacob, Ph.D., Physiology-Endocrinology. Assistant Professor, Queen's 
University, Kingston, Canada. 

Leboeuf, Bernard, M.D., Control of Intermediary Metabolism; diabetes. Assistant 
Professor, Dept. of Medicine, University of Montreal, Montreal, Canada. 
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Marquez, Joseph, B.S., Antibiotics and Natural Products. Associate Research 
Chemist, Montclair, N. J. 

mee Lewis K., M. S., Bacteriology. Bacteriologist, Wallace Laboratory, Cranbury, 

Ede 

Nestianu, Valeriu, M.D., Neurophysiology, Electrophysiology. Lecturer in Physi- 
ology at Faculty of Medicine, Bucharest, Romania. 

O'Conner, Joseph M., M.S., High Pressure Chemistry, Gas Chromotography. Senior 
Chemist, Developmental Research Division, Ciba Pharmaceutical Co., Summit, 
N, J. 

Paegle, Roland D., M.D., Arteriosclerosis, Histochemistry. Pathologist, U.S. Public 
Health Service Hospital, Staten Island, N. Y. 

Palladino, Vincent S., M.D., Pathology. Chairman, Dept. of Pathology and Labora- 
tories, Meadowbrook Hospital, East Meadow, N, Y. 

Pickle, Daniel E., D.D.S., Periodontology and Oral Medicine. Chief, Section on 
Periodontology and Oral Medicine, VA Center, Dayton, Ohio. 

Revillaud, Rene Jean, M.D., Kidney Physiology and Transplantation. Research 
Associate, Centre de Recherche sur L'insuffisanse renale, Paris, France. 

Robertson, William O., M.D., Pediatrics. Associate Dean, University of Washington, 
Seattle, Wash. 

Rolsten, Robert F., Ph.D., Consultant, Kettering, Ohio. 

Romano, Claude, B.S., Pharmacology. Graduate Student, Rutgers University, New 
Brunswick, N.J. 

Shapiro, Hyman Donald, M.D., Otolaryngology. Practicing Physician, Lansing, Mich. 

Shirk, Ethel J., M.A., Development Psychology. Instructor in Psychology, Pace 
College, New York, N. Y. 

Starbuck, Wesley C., Ph.D., Protein Chemistry. Assistant Professor, Baylor Uni- 
versity College of Medicine, Houston, Tex. 

Stary, Herbert C., M.D., Cardiovascular Disease. Lecturer in Pathology, McGill 
University, Montreal, Canada. 

Swanson, John Norrie, M.D., Arthritis. Director of Arthritis Service, Orthopaedic 
& Arthritic Hospital, Toronto, Canada. 

Tautu, Petre, Ph.D., Biomathematics, Theroretical Biology. Senior Scientist, 
Romanian Society of Medical Biology, Bucharest, Romania. 

Tretter, James R. Ph.D., Medicinal Chemistry. Dept. of Medicinal Chemistry 
Research, Chas. Pfizer & Co., Groton, Conn. 

Ungaro, Mario, M.D., Oral Cytology. Associate Professor of Pathology, University 
of Trujillo, Trujillo, Peru. 

Weaver, John M., Ph.D., Biochemistry, Oral Biology. Section Chief, Biochemistry- 
Microbiology, Lever Brothers Co., Edgewater, N. J. 

Widelitz, Martin M., M.D., Neurochemistry-Biochemistry of Genetics. Director of 
Laboratories, Eastern State School & Hospital, Trevose, Pa. 

Winters, Robert W., M.D., Acid-base Metabolism. Professor of Pediatrics, Colum- 
bia University College of Physicians & Surgeons, New York, N. Y. 

Yoh, Rukuson, Ph.D., Biological-Medical Sciences. Pharmacology Dept., Food and 
Drug Research Laboratories, Inc., Maspeth, N. Y. 

Zimmermann, Walter E., Shock, Surgery Burns, Acid Base Balance, Respiratory 
Function. Professor, Chirurgische Universitatsklinik, Freiburg, Germany. 

Zitowitz, Lester, M.S., Pharmacology, Physiology. Associate Pharmacologist, 
Schering Corp., Bloomfield, N. J. 


STUDENT 


Banschick, Bernice, Physiology. Student-Undergraduate Senior, Brooklyn, N. Y. 

Chimene, Vera C., B.A., Anthropology. working toward Master's Degree at New 
York University, New York, N. Y. 

Foster, Mary Jane, M.S.E.D., Nursing. Full-time Student, New York, N. Y. 

Kalmbach, Charles F., Jr., Aerospace-Physics. Student, Princeton University, 
Princeton, N. J. 

Sullivan, John, B.S., Pharmacology. Graduate Student, Rutgers University, New 


Brunswick, N. J. 
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Weiner, Roy S., B.A., Immunology and Metabolism. 4th year Medical Student, 
S.U.N.Y. Downstate Medical Center, Brooklyn, N. Y. 

Drakontides, Anna B., M.A., Nervous System (Anatomy, Pharm.), Graduate Student, 
New York, N. Y. 

Romano, Anna T., M.S., Biochemistry. Research Fellow, Rutgers, The State Uni- 
versity, New Brunswick, N. J. 


PAPERS TO COME 


The Section of Geological Sciences held a meeting on November 7, 1966, 
at which Henry W. Menard presented a paper entitled ‘‘Origin of Small 
Ocean Basins.’’ This paper is scheduled toappear in a future Transactions. 

At a Division of Physical Sciences meeting on November 16, James R. 
Freeman presented a paper entitled ‘‘Dielectric Properties of Mineralized 
Tissues’’ which is scheduled to appear in a future Transactions. 

Also scheduled to appear in future Tyvansactions are ‘‘The Mode of 
Action of the Aminoglycoside Antibiotics’? presented by Joel G. Flaks at 
a meeting of the Division of Microbiology on November 18, and ‘‘Anthro- 
pological Linguistics in Retrospect’’ presented by Harvey Pitkin at a meet- 
ing of the Division of Anthropology on November 28, 1966. 


Lithographed in U.S.A. by 
The McCall Printing Company 
National Publishing Division 

Washington, D.C. 20002 
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